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l^jbl <j£> ^ ^ljjlcuJt 
<jLd («^aJ JIjuj Uj> dL-i <j>> <>» 
^La 3 j) «jjSjM Ijj-^I 
u «j.UI ^L*jjVI 4jjJai (<*UII J£ 
J 3 V c^jS 4 (Natural selection) 

<jjjji»Jj . jjIaUI Sy^S^t Li*JLc lj 1 1 i i i3 3j-a 

SjUu Ijl-jJj USb jjjL)bjJ>L-di5u (o— uil 

t *j|jL>.J Jp- <j£. lilijj '(^. tjltrtt l ejUtlj^l 

Uij jb ulh!^ O-^J J"J -^LH^J 
. ijjjJeajJI ^j-muS daj-uj 4jjjL> 

..JjuJ jJjLIj 

^jSUj t 5jj-w*Jva 2 j-«if JjL* Jj^ jJjL^J 
jj .(jrdp-jjl Vn jI£j V Sj^-HI JjLi 


uj» ^j-jSji aisL_jui ol» 

CiatiA-o! £l jj^l J^otj 

^ * a ^L.^i s ■> !rtlj 

«JtliaJLI <L»Uj L)- ^ 3 " 1 

«>uf i jj> 
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jajX\ Cu>j J734^UJI l,i;lij< lt ,\j& jjL^j&^ j& ^y^jn t j_jj 

.CjLL^w t-ul^ ^jlj ^ IuJjj 4_ul SLaj jlaj <£jlj-*<jjl JoJ jJjLi3 
L>*u UjLb. ,jLkiL 1756 f L^JI ^ ^t JjU ,„VL j*iL 6 f J_^ 

Or^ J*A? <jf cr^ <jV — "Jt ^jJ^ dJuil l*j . 4jjjS 2j i , ..^ 3_Jj < -^^ rr 

IhP^J *<>»*2*JL* jlaL_ul« fu ^JLKJI j_u j< ,„ jf ^jl^ cj^Uij ^l jUI 

. UojL^ J**jJ (j-^JjIaJl JLc ^j^l SjLiJI ^-Jkj ^j^tj . .U ; I,U 
VjJ^> LLjUd 1 766 ^LJI JilAl j , jjj ^Mnit (jl; ^ ^SJj 

.^jj iiti^Ji ,4Sjui aj>uji a^L^ ai.fl,« oji^t 

(jiHiT ^4lhL) ^LIjjj ( * } jj_Ljjja jjjIjj^j uj*~*W jJ^e ^j_^j 
4jU ^LJI j3^V ^juiJI ^ 2L JUI ojj-^JI Jji—XI aiJij 4jLa 

Jjj_^a 4jJUI <jjj_£JI <j£. Jjj__JLI (jt _J !> - ^jj^ I JJ-4JU ^JSJ 

( JjWiU ^jj JjUx U*jjj ^l 4 m^, , IT ^jjJJI (jjj-OJI j obl jl.V I ,lj_. 

^JL^ JjO^N ^J>--^U cUujl u Lj ^ <> ^ e^i J^ J^JI ^^L-^j 

1767 f LJI J* 3 . KjjjsT JL__ ^jIj* ^ L£L.L_.L Jj_-_V( <>-_, 
c^tj * IjlLuJ JIjjjj* *^L* ^ 2L_ ^j t J^j ^jUj 
Lt jju Lwia ( >T JjJ 3JjL_Ai (jjlU ^k) 1769 f LJ1 <__. 4_J 

L«L>-- j^I J^ * 1 778 r LJI Jji*jj . L>. jjj^l ^JLJ 

4 3jL2J| 4Jj__t 4jJUI ojj^I <j- ^JJ~- LLjL_j ojjjL «jj* JUj-oSU 
4j ju ^jJI jl^jJJ 4j*jilj , JLjj 0 ,m ,._ ^ 4£LUI 3JjL>J| 2Lo.L^ ... 
Jl) ^i^^» J}Ul^Vl ^Lu! ^ urjj--^: jJJI JLJ^ OjJiW J jt- - t 

<jt 4iLi ^ jjj L^J jlj^l 4jj^ e^-jjJJI JjL^Vl SjjtL-^ oj 
JUI o- M5Lb Ijj^ JjJ ^ (^j^JI dJJjJ jrt^UajjjJI y (j^iu 

^LJI ^ ^ji.? ^ 4jU^ L ^JLJLI \jjt ^LJoIj t ( * #) 4j 4JJU1» 

^jjJbJI JojLJa ^j.^^A jj, 

jj-^i ^ c-jj y) j-tui ui^h-^i i^i ^,-, ,„vi j jjuji yj^, j^,! ^ 

^*JI jjUU j^,Vl ^ju^) ^jL^ j^ljiJ L5Sj jjUJI ijU*]| ^ oA>Uai ^Ltij ,(5j^J| 
^jJliiUJI ja Ioa ol^j .4JU^J .jiljs Lw, Ll ,JSV| ^m.^JIj.JUJI (JI^.jVI) 
^Jj .JjUaJI j^Vlj ^Jj^l V U^»J| ^ ^jJI ^ ijSJJJ ^J| ^ ^jtiJL JU-jJI 
lj-i»j ^(^^ ^ (^^Jmj ,jj Jj ol i iJLa S3_JU. JL>.jJ| l^L^ J_b 

(jjjjAj (jjJI JJ-UL 
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^tj . Jjj__Vl <> J*~l <j- oljJ__ j_> ^t 1782 

5 J\\f^L** J__ Ijj%< ,,t ol^LL_l *Ij__ 4jl_«l ^ 
U*_-1 j) jjL_- j_jj_ J* tpjj^ ^ ^lj _-u <>i Sjj_v *<jl--> 
^LlLU jjj<-1 JjJ ^L^j^Ll^ jA. I ju». Uol*3 ^__j .(u_j_t 
u-jU j_j-> ^l J__u <jt jjj^ -_L__ 4~«U J f cr^J 

. 1787^1^^^^^ 
1791 p Ult "^UJI <ys £j__) Ijlj^ UJ*3 ^lill J^ jJjLi- {J-j 

4-Uj cdi j <yi Uj *Sjuj_i jU-Aj ^l-j (o^ J uj^-"' u-J J f- 
,_£tt ^ jlj ^ * 1792 f L_JI Jt Ljjjt ,L_L L^J>U ^LL M^=> 
>Ucj 1794 ^LJI ^tj .Sjj-t 4jt_w <> <-*j o-jjL 4___-j 

jj_ i^Jo ^ __« JSLJ 3j-uLa 4__}Lc. SJUjJI *__> JUlj «(j-jUjlu 

<> j_j * 1796 jjLu ^ *jjJ Jkj? ut tP! cr— L.Vl ,jJU c__ <jj-J ot 
4>Uj ^i_JI JjJ jJ jL__- Juu <*Jj . j__J1 uO-^JIj ^LJI 
J__j|j .4^uw-t- u ■ - ;1 j_ ^Loj^L ^jjj ^Lc juuj . 3UUJ.1 S-jja 4__«jLv- 

. 1797 14fjJ<^jJjJJ>_1 JjjJ jJjL_ i__*_t tiJJjl^ crJi 

t L*4) I Ij_Jjj__T o-o lji_b <J JjJ a ,n n . M jjjj jJjL-u <j_Jj 
<_jjl>. J\ I jj__l j___J1 <> <J jVl 4_L__ jJjL__i J_JoJ1 jJjj ut Jj-j 

(♦) 

j-X. Cm.jj- jjj U^jt 4j___j Ij-u^ Uu tjj_^t_ — wl 4 
d jUAt 4j J_-i_JJ ijJ jL___ JjJijJJ 4-_- _J1-_J . (jjlu»^J---" ^ 
JSj VUj ul>t ^ljJl (^ Sj_--Vl ^JJ uU? M) 4-U j_i_»Vl 
iaU_l (^JI 4j> (^ Lf jJt c^L-Vl u-U* «C^JJA JJJ J_CSj . (Cjlj^t 

4-SJj . 2LU11 4_,jjJL1 <> 4 aJ l«-i ^jLj u^ U-jj o1j-__*J1j cjLjJI ^*Lj 

^.^ ,-. ^ 4jm^Ij^ 4_^Li 4 — l^jJus Jl J2_l 1810 ^UJI (^ 

c__> _uL_ uU*J 1813 ^UJI ^ SLujjdtl ^ji LiJj-j . f jj ji_>Vl *jit 

.4-ut j!it (^_jJ 4ltAbj ;j^Vl uJ^-t jJjL_ ^lj-l f- Ulu ^J-*J 

ajj^) (^Le 4-_iwtj 4jjj1 j-* 1815 r L_J1 (> |ji_ij-__t jJjL_j jljj 
t (U Ujj Ljjjj -\3_ (^l S j__Vl ^Ijj- SjLj J* c_Ul_^l L^Jj 4j>L_1 
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-o-ljS j___l j*_JIj J816 jJ*- J* .ijj___Sl SjL)JI jjuj 

.(a-idiij) -utat cLu^ ^ ^ju^ j____j ^ji^c^ 

CjI_ 4j_ui__J| 0_Cj__»jJI (___■ (_4J__Vl jj__J1 du». 43 j$ 4l^L->j 
4*___ ^ jj-__tl (j_il ___) jUJ _-_j___ 4_4Lbj j 4* j_l 

. (#) SjlUJ a___,jL__. <«_d__t Vj - l.n-i V a ji^-jL- " 

UUlAl (JOjIj _iL_*tjjJI plt. <__ 4j__j1_ ja. 3^L_: 4,„n'> ___ JjjJ c___?|j 
U Ij_u cb&b Ojjjj jA «4^1 4___Ca (__ Ll_C tjj3 j| jUu L^jJjjjyJL 

« 1817 r LJI ^L* Ljj 1816 f LJI >ljf <> Lj •«U.jJj^I ^Jj Ji-j^ 
J^^^LJgJW l^j'Uj2Uj__ljL_:t^o^J^>Wu^JLH^b 
*^J -J^Me V-* cr- 1 C^W «3W>> J-- 1 JJ jj-L JL_| ^ Jjj£>L> u_>Li_' 
r i>»J * WjJj*?-l f—"L> LJ_ L*-u, 1*3 u l L_$J>Li- ^-Sjju 5j__4 Jjt 

1784) J_M-JJ ^LJj \^aj2j (JJJUlJI (U- (j_ Ol j___L_« 4juL_ __Lc ^jj^ 

ai>_jj <y___tj ,1817 c_x_> ^j* j>u jjjn 4jl*Lv ^ (1856 - 
- 1764) _*____, r LJj 4_JT ^jjt _$tjj| j__*_j| j>__ ^ 4_U_I ,jjjL_, 
>__ ,j-_JI jj_JI ji-tjt <__ cil ji_U ULlc ,u^_w ^Lij jL_ iLa^ ,( 1839 

Jjit__| _,_U__J 4_J? ^J- JU*J1 | j_> J__U £__-_lj ;j____ J^LJI £_-_*«. 

>_*J! _-_<_ Jjj j___ij__" oLjjj_^^I ^ S______,V! <___ lj-u^j Jj-JLJjj 

^J>-« <A <«- ub «(->J-*.f UjTh ^j-I Uj!) u- jVl cj_o_ ___U - 

>x_j ^jJI 4( __u_.j .4_1J_4 4_Ju _iLL__| j___ JbJL__J 3L ...j ^t _J|__j 
U- ^jJji* Jjl r j__ ^ ^«SbjJ^^I l_o.jJja_ ? J| «_jU f> _J1 

^j, j^V| ____( u f ^jJI JL. t ju. ,1815 ^LJI ^ SjjAUIj 1 1 j^} 

4__j Jj^jj ^Lsj . JJM-^JJ J_UT 4j ,>Lj UJjl JG U f Jx_ 4^i_| 4j^L 

(^^-jl^j J816^UI^L>jj^^ 

* U Vl _ij-*j L j-_ (^L. 4jjU_ L^JL-J 3j_lL-j SjliJLv s L>! 4jjJ _, jiljj u t 
-_wt LtfJ>Lw jlj -.jLJI (^JJ 4__j (j_ *jjii i^LJI (__i j_oL_» jj*j 

. U j£UJ jl_»j JL_L j-_j 3jL>JI cjLj__J_I 

c-jijj - _n_jt obljj ^ j*^ic fj_l _o,_| 3jJJ| 2_jL_) ^ ^ , ^ 

JxJ f Li_l 4a_ U ^jJI 4___ f LJ1 1814 pL_!l (> 


12 


^ jJI i*Luf <jjo Luaj (j£u (J U^jJjj^JL JjjJ ^ Ui_>l ^Lo (jSJ 
,j__*i_1 JjjJ <j! JLy tOLSu l_M__J 4i_ulj_ (j__ 4 1 1 miJ Jl_ IjJb (jU jji — ui 

* jlOLSjj __l j___U_1 £Ul__VI _-J__ 4_J_.1 j* :<__L__yb »L»_Jjj*J1 
5jljj_> oljLj -JJj — _ Lu) LuLLajjj *____{ J_" — _ _jU — __t (jc }____< 

Ji_>L_JLL 4,iuf. ^LUL £->L_ j_t£. t (LL>ut C___jjj I JjJjj£ — ut\ j-_ JSJ 

U**j_j-_.^1 j-uSJI J^jJjL-J-- Lco J818fL-!l__^<-j.j.4jU**J1 

--tu^Jj . Ljjjf SjLjJ 4*i<Trt*i ____ 4_p*Ut- 4j__j (jJJ jji__J1 JjjJ jJjl — __J 

(Jardin des Plantes) «obbjJt 2Lajj_-» SjLjJ j____ Vl jJjL___ 4___j__J1 
JU__f \j& LS cAlic. __L__ jlaLAj <l> ujjL ___> (j , -1 cr*--- 5 

___i jjj^j_"(j__j) 4"/Ka _-_ 4_._jll l_<_<J1 ,___>j i-_l^j__-Vl <j__ j j/l jS 

__1<_J {jjt U_« iLJLLaj} JU_ij lj__uj__< 4j__jJI c-u-ij ■ (-Jl -l_-j lj T JL > uj 

-c__Ucj 4__1__-I__I _u- }L___ 4 U>- jj j-l>J1 -l__U* <_j1*j"mhV 4 <i jtnr 4___>j_5 
tl819 j-UJl jjjrt(n<! ___■ JjjJ ^jJ*JJ . L-J-JJJ L-ajjjJi- Jja 4 -Ll » .^ . (jjua 
-Uit_Vfclt jU_j 4jLs__»1 <j_. }____» i >**JI (jji ^jJj unttj 4j_L>Jl <__1 jAj 

___ S-L_J1 _y» Lt jV Sjjj^ *Uj_. l*i Ujj_-j JjUj V) (jjjj ___ 4j>.jJjjj>J1 

<_-jl_' (jjj *jA_L*j "j j ' (jr~ L^jJj_l»JI 4jIjj_ 4jjJ l__1jJ1 L_Jj 

3 __1jj JiU-j «((tjJ.1 oUU___l 4_vjj ____ 1 j__ij- L^il_ jl_. <__- 2JUjJ1 

Sjl ij Jjt jlu - 4_uL *1j___VI (jjjJd ^—i-. 4_jJLi!l 5j__i-JI (jj__j__J1 

i2L*___1 J cliJLi J____>JI l_Uj jJji-J __i_J _)t U_l__ (jja aK — __« Jj->-jJ JLtiu 

l_iLU_u>U I_Iju»___I 2u_1jjJ1 (___=. jU_>.I j j_*j U_"l_ jj jL__j (j_£ UJLu 

._>___ ^Ijl-o ^Tj jU_uVL (jLu_ CjM___« 4iL_ _-fju _j i4j_U_JI 

4_ul 4 j-t i ^jj^) | JL_jj_C — _utj I jlUul ^-9 (_?j->.! 4Jj_«- -L-juj 

juIj-lS (__) (jjdJ (__i 4_uj_L_JI 4___1j_ JjjJ (^! ^(jJjj-bj (jLjU 4j__-!j 
jLjI U_« *4_ilu_ ___ oX< h<U (j>» 1_Uj-~ crj^ JJ--1 (_r~C ^ ^j-J « 1820 
^j_i__j 41^4 (___ ^-igjJI 4ltii" — u_a (jj-uijJ (jt ____ 4jjj_3 (j___J -Jj£ — «Ul 
j< j",;t j) juJI J_j_j 4jj__U J jIjj (___ 4_u_ijJl J^u-sLalU I JljJ — -u ULlul 

jJjL Al ^ L_-__j . (* Ljj^JL SjLj 4j_> (jS_t ^J (jj»j (__£ <_;j-> 4____ 1 _____ jl 

*U~VT _y» « *inVi j ^L_jj_ (__$J (jjVI (^j-uaJ 4j_>j_S c^-J^ J— ^ 
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«jl-- , 1 J--j . Ul j-__tj LuLUj t-^L >^ L-ojj __J| <jj_M ^U,^ 
^bl (jl (>-jJ1 (j-e 3j-_i_J I juj ( jj-_j_ tP^J <j"k mrT (>» _*}LJ1 <tjL_-- 
4_L_,lj_i jjUJ JjlJ . jjAUI udj^JI r,^^ ,j_ ^ L_5.l_-.Vlj 4__1 jJI 

1821 ^LlII lJu>_- ^j iLuaj? 4_jjjLc 4 ujf CjM-C il/» (jSjj t 4-}jjjL_JI 

(j-* J^J— ^ cAg •<"' ' " Ji^ J^ <^ «lAlj t5 J — uiVl CjljlJ 4_jj__ SjLjj j-L- 

C.j,: - «jjjlj _jLu _■! JlL-jI ___. 4_j$j_ij_i 4_l*.Lj ui 4jj_*_i ^Lf) - - - ^LaJI 

- 1790) J-_U (jjjJ^-L __J_ L__ jJLJJ C_u J— JLu» (j-d 4vCJJL-JI 4__jjL« jlj 
4_Jj) LjL_ 1_j_wjJjj_wj b-l j_v J__U <jl£j t(J X j , „Ut ,(>«ujJ Cr^ (1825 
_*Lcj . jj___L_jjlJI _jljtp- -_vj__ L_sU_T ___H _£_dl j__j i(1ju*. jL*u_- 

< rt<^")fl (^-wj>j>^? j_kT(j-^ (jj-UJI ^J> 4jI __1jJ __J|j (jJLlI __J| J_j_J 

L*jJj»i^_J 4j_-j 4_lu__ <__M< mia j*jjAj (ji-J 1 1821 ^L_J1 ___t j j ^ . -j v 

-__-jJj .4 Lrt" < uil Ujl___l ___JI 4U4II 4jll___ CjJ_»_; ^jlj JLi V <j| ^-Juu 

J^___lj .4J -.L^ SUUJLI I>L__1 <> >jSL__JI >_. 1822 r UI <> J*_JL 
' Ij^Uoj (jj — «i l-jj^- j— **1j L-wjJj^lsJI JL*-a u — a jLJI d__J1 ~L_i_- 

. JjjU _Lj J_>J1 4rtj.t 4_}_vl>4j 4__i_iL__i iiJLl_ ^__J1 4jj_Ls-j 

*jjjjj 1 >lUoV ^jJjo^JI 2LooJ1 c_jJI _dJ_ ___. __1». JS__j ____}jj 

—j L_j1 ^j L_Lu) __-l« — l_ |-LJj J-U1 (_ya (j>c-L JUcl J ___u <_j J_j 

L-__»lj IjLjj *(L_jj_9(__3 4i_J1 Cj|_ SLp.jJj ? pJ| _U___1 j!j_UV 4__jL_ 

^jiJ JjL_U oUUt-lj _Ulj_J| L$J _JJL> Cj>_-ji1 (jl JUU Jji__J| CJ_A> (jl 

(j-^ U <___l3j ^-lll <-J — Ij-ij ^j—l tfJL_> (jl (j-3>_> (jl 1 Jtjjtrt Ijuj .4 !j^a 

<rJ-ijJ _jj__j| . >5tJ1 _u Jjii ^__U jll JJS-J (jUji» 4j| ^--oUI ^ LsBJ-blj 

^jJlj .a-UJI jljJI (jL? ( 5j_.L_JI jjjU Sj-l_j >» ^jJI <____: (jSJj . JjVj 

,(1857 - 1787)>LLuj^ f LJj Jlful>4 Lc-jJjjj>JI ,U_ 4_ i _u c _u_.| 

j!j t JLoVl 0 jj_— 4 tij ) r _Lljta,i,_>l J_J OjJls- _lj_ii_JI __j _jt i 

|j_ _Ijl_-V A-i__r >x_. _p_jVl ^Joum _-J_ (jVl UJ I >J_ (_;>. ^l CjLLjJI 
tr— £-3— J1 >— - ^__jI_JI (j>3JI oL_j>__ jJLUa ^ JjJ ^jit-l j .jj Vl 
|_-5 4_|_ > - L_ul^>J| ___j,jj_Uj__L tjjUa Jljj-* j-l 4_l (jwo ^jJI 
. 40-^jJja^JI jl_C_Vl _JL>.| (j_ JJJJ-J-^ CjLL_i (j_« j-uSJI 
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' ^ A<j La ^fl.f < * J^'?J 4_ujjL_JI 4jI___iIjJ _--£- LUc J_jJ — L-lj 

_LjL>_U 4_£4 _Uj JUu (J-ujUj _-^Jj « 1822 jjL ___3 4_*!-_>JU j-U? L__|jLa 
aLJI ___3 4___J t(jjLc J — s__ <_---J 

1823 

3j___JI 2L jjIS_I 4^L*_JI -jIjjj-JI 4___1jjl. Llx» Ub-L JljjV ^jJI 
«SLp.jJjj^JI 2LwJI SjbJ (j—- cd jl___i Jj /*^Catastrophist 4_u__ jVl 

_U j Juuj *£j->Jl <j* L-M»f _i_J j JJu L$J LLlaI j_«Vl Jj? J-*_- t_-_p- 
1 0"m f> (tit-i 4_>jJ1 _>j A> Cj^-j^jj • 0_-L)J- SjJ, Lgj — <-L_j _-JjJ 4Juj__t Sj — 1_j 

- objUii ct- o!j__>uu jujuJj jjj -y. ,„1 4_jui 4,«un 

'(e__ Lt_j-_ll ?U1_JI (>« jujkz 4_iL<u—*-l (j— . jL____ - oLLill 4 j i*_ 

jl__» , 1823 r LJl (> *_*«_ (^l 4j___j| * j^J 4^a_il 4^*_,Vl _-!_. SjjL-j 

J_J _&«_> j^ (__-__J1 <_JjVl SjJI l^V t L__j|4 j^_jL 4-i^-T __>!_. c__j_C 

^_-~1 J-<3->- <JjL>o 4Yu__ tl „ (^—Aj 4jjL>_ 4J_t_ — __ (jLa __1__ 4jj_(J_>_)V1 SLlSJI 
(JTJ^-I <_-- ^-J-C (-Jj (jJ-J (j — « S j u .t j 4_U-v _,_!! *« JjJj__J _J_j? Jj_|» 

aJJt J_4Jj . 4jjI j-o ^l jj (__^j (_,!—*- jLla _ul (jjj (j-4 i______ 4__l — uj 5j — ____ 

t**>t a\1 »tl j^_ji_>.| | * t t j t S j_______» 4__vjJj__s_ i Sjj__ — - 4 < 1 A . .. t t 

(j? 4jLi (j-a _£ U1 j ((___j_J1 ^LLa ____- (__iVL_-___'_ f l jjJ-j _j1 — -u_j Sj____JI 

.-JLJI j-iiu 

!ju jJI ^LJI j__j 1 1825 ^-1 _JI (___} j-j-»jj (j_aL>JI JjjJ ^JLc Ij jj 

^juj lj_T4J_^4__a___J__» j). LLJI jcfiL>J,l ^La?SLoL>J.I 4-4^ 4J jLaw ^jLoj 

(jj_w Uj ju__j (jlfT 4__j_4 (_-___. j ( L^J _____.} (jl Quartlerly Review j— _^j 

c_iL__ jj-9 ja (j__ t-___T (j_3 jjjtj 4jVL_La 4jLj_o L^j_) ^kg ujj JjjJ ?JUj «(j^ljjM» 

4j! (j_-pj • (jJ-J SjUJL>. 4juaL>. 4_4__L ^lj___l J!U _yj <4_»lr I j !_____ j 

_!(-—-_ (jjjjjl j_T (j? L__u? -dJj (j_a J_____? jjb La JjJj (4jL__JI 4_u_jjij ^IU_j 
___3 JjjJ JU__? _ul__ (j? j_4 _JL JJ JL>. J . 4j _*_£__! JjL_U 4_JLa Cj __l_U 4j 
(_-l rtrt «1 (___ij (jlf> lil La _-__- L— Jalj (j-u-J j) |jL>. (jl_CSLaL>JI JL_j_>o 

(j-4 4_>-jJi 4 — <_-_-J <3--*J (j? ,_-Jj-?l Sj-oJJj 4_J_o- 4jL_jJ1 U_Lu *( V ^_? 4J4II 
___ 3 >jjSJI __l >j*-1I <jJ lO. L*_J>f*J' c-— - s*~ j-~ >* <4— jjjIjSJI jl iCatastrophism (#) 

.[ĕjj-JLlJ Jjla-Jl oLLwJ 5-y m"i V .__jlj__l __* _v_.jVl 5j___» 


15 


Jojiji» _;! _)_jUj _)! ____1 ,L! ^V _±J_ <_v_Jj 4jj? <j__ _-JU1 Jj_2____¥1 

_j__-!j .<_jL_J1 3U~ ___ _jj___ Jlw J>LSiuiV1 lju_ _)_* Ujl (<uk 

_H» 4_ — <-u!j _j_1 J J— — j! C--b Jj-J ^ inl _____w (jL L_u j __lj_j1 j_" 4J_s__ 
J_i_ i<__jL__' 4lxAjja <__ ___! jjj .dJUJU*. __L_T 4j-i__ U j_j t __ <\\*~A>\ 

£j — «_ {«j (j-Aj L^jJj__>JI _>_, c_il2? i__jJt_ 1827 ^»1 — *J1 «Jj__<» ___ jj—_ 
Sj___ <d Citojjj 1j___j.4_.jj __» jL>oV SLojMJt 2U_L*J1 3_U1 ^__ 

Jj2) 1 j__ J_" 4J (3-JKJJ *c-__C_* 4__jj1 J_* JjJ __jjf _J JUu cjL__1 ( n jlL 
. 1828 |-Ll!1 <__ 4J 4_l>.jJjj>. 4_t_l ,m<",i,I 4_*j j-^_fj ^j-l <___ gj__u _)1 

L^jJj^t i-wljjj bjjjt <_• ajUllJ 

4_-_J_jJ1 4^L______1 4__-jJ1 *ljL__J 4j^L_______V1 SJ^jJI J_*_-_ 

Ijljj — __J1 <j>_Jl JM-- --LUJI 4____1jjJ (_;1j (jji». L_j j_L__ ___J1 

__L_ 4 U j . M j Jljj _ SLpJI jjj«I (_L_ __fj__ ___J1 __1j_uuJ1 (jl Lst___1 j 

1jl____ 1828 jjLo ___ JjjJ j_)L___j ,_sjlitJ1 (_jjL_JI jjjj__ _>__ ^_cjJ1 
(jj — i „_ u rjjj. __Ljjjj L_v jJ jjj*J 1 ^JLc *L_lt j__! __o_w * _jl _>_jjL 
j^uj^UW^-_.juuU u I_VI j__L_____ i (1871 - 1792) 

_-JJ J---J-tl J-=-jJt J_-L_ 31 jL_*_4J {4J L__jj__ J_UJ/J _-_ __U_jf 4__L__4 

(__tl 4^j]jx>J1 c_U <___J1 (j__ 4jj__4 __lj_-ju JjjJ J_t __j t LJLLul 

(jj__Jj_JJj4 _L- j < 1 1 n jjj — _i 4j_4_ __Sj . 4_u_l___j La__JI 
i4_J____ __JJ JjjJ £j — <_? UJLu i 1j__L>_j __JJ IjjL (j_a (4 — 1». jj 4 j-r «^ t 

* WjJj^ 2jL_ __tj - i «n>t L Jj-jM1j ___l_j^J1 Jsl — ___J ^-SjM» <--J^' 
_jjL_JI (__ 1 _"K t^i _)_>j VI (jL 4j___I L» 4__>L>_J 4-J_L_a ___ Jj-J Jl_L_ j 

____ __j__j ____Jt j ( _)Vl 5 — LcUj SjjjU L_1jj (_lt1 U_1_ oUUjJI _____ 

4-ul jULI 3 L_ljjJ1 (jt j£"jJL jJJ_w J • 1_L>- 4 Ljl_ 4jJLaj U_1 j__ _JJ a 

(_ltl 5j___51 3ju_» __L_ (_j_UI JJjJI ___jl_ __ltl JjJ L_j ^U ___J1 
(jLuS i_?j--1 jj-«l (!_-? <>« 1 Lul ___ jutLij ,(_JjVl UlLu» _)jjL_ _j__ 

_-U cJj-^*^ J_5j ij— jl J_» 700 J_e_J JJtJI ^tUmi (j__ f"r«rl*lj1 jLcJ 
:-__1jJ,l J__? ___ _j1jj i4jjl_jJ1 t«_w>J1 CjLo_jG UjI njtn 
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(ju ♦________ ^-iJI 4j__ajJl __j|j___J| Jjlo ^J-C. 4j____t J 4jV_» 

. 3jjU_JLl 4-u__j^1*^*__J1 cjIjI — jj cjL___j_t j_u jS-Tj <j^>- 
-__l «_J| £j--J UU_ (JjU&II j <(j_a__)__JLI) jUJLI j « 3lnU 

j__j — __lj iUj_9 jjj — __£. (j__ Jlu V __U — _-J i4__»_jj LbjJ 
4-_.t__ Jji» jJjuj tialljLJI 4 — j_)1_£j_J1 ^<v-i_>J1 oL____G Jjj — 3 

(j_a j_*_3_j 4,H">iV;a 4 ^ul^jJI ^4_->Jt <j-_ 4_uIj 4J_i_> jl — >JLl 

tllff Or) J^JJJJJ jT cJ-j-JI <_--q uJLI _Wj_u__JL1 j-Sj-J' jUj 

^ M.t jJI ^jjj-ULj fj__j jt l'« '"j ^ <_>*jj (peperino 

(^jj jry>. -iU-tJ '(^ 2 !) CvW-^ ' JwA j-- <jUjl_Jl (^jJ jjjV|j 
fj't*A i 5\jla ij* - ' _-JJ * jj^J"" * Jj-aJ (_--_1 4jJ_C _£> Jj_t__j 

Lbjju: 4_uL_j_Jt ^oj-JLI <__! ___j_i c__jl_- jf jj V 4j| I j * 

ittl^Jt i i^Jil^A JulC ^LlA L$i* J_T (J-SJ-S. Jj-OJJ jj- -- -J 
gJUjjl <U ( njla t_£jl___J U_4 jVt *>lji U_* jL_j_J1 £--__ jJju 

S*^ 4_u__jjJt |4^u>JI oL__3_G 3jl>.1jJI 3jil 

jJI ,£j--I1 j-* _H- 1 6—^ -Ajuai i4_a_j__1 jJI 4jL_CJ1 JjjJt t j & <j} 

9 -___JjJ Ij-ila Lj_> JjJ ujLS' J— *■> U j-S> 4"j.n4 j«u- jj 4__J| ,tn ,.,1 

Jisj) LjJ jj! (__J| tjJ-uj . j____-__tl jj^a>.j L>.jJj4*JI *UJ__ j_« J-> i_»J — J 
__)L1j-l>J Ij __t_3L_JI jl JjjJ «iJjJit JL___ i (jjj_-_JI __<J Jl>. (*J_IjJI ^-j. 

CiAaCSj Ljjjl jf LiJajjJal jja L__JJ __ij_>.L__ £j j — j! L$j| _u V L^j Sjj — >jJLt 
j^»j L^ilj 3L__-J1 jl ju V cilJjL** .*iJLlA L^j iUj^I (__-_!( SL_-JI t___jjJ_> — a 

i_f7 j__JI j_>Lj jf J_C __j L^___L__ «Lu_Tj_CJ 3j_t-_JLl 4jjjJI « l^a^-yj JlVl >> 

.<J_Jj CjJl>. ^_c_> jj j? jjC j -»r 4j? JUj t^j-wjjjj^tl 

Lt^j^4>J(^_t_A« 4Li_I_t j *- 'j 

jL-cl U_C diJiJ (^JI jJuJ — J| JjjJ jLc « 1829 jjIjj-3 j^ J- JjistJJ 

4__jLjj (juj 4_Lu OJLC.L ^JjjIo 4_Lkj JL__u «-_Uj>j t3jLt>- 4JL> (^-JS I — t-tjJ j? 
Juu L..i-u ^Jj . ___j JuJI Jat niitl (j_o jjj-* j JL_j ^"m" <J (_-o > .j (4_ujjL_JI 

.«L^yj^l ^jL-» <_._£ (>« _>_L__VI (*) 
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bl <iV I JjjJ JL«maI j . «ub^ jU_»_j (_--_ «-a___ Uj| * L__j **— ^J*- 

U _ j_U_JL * i"" * LJL- ,4__u1 JlJLI 4__>UJ1 41 — _Jjj ^.Lc. I j — -u£ 

OjJ&Ijj U<frj ,4_ujjjVl 3jL__J1 *Uuf < M"^r ~ c£— f>- J^ J^ ' JU-1 

Ij^u*- J^ c** ^ j "A> (*J j*i <^ t^>^ ^ 1 — " ^ 

3_U1 ^j-LJ tC jJj3jlj^4 \ r « j — <~u jj- <jj*. cr^ *jW— ^ t*JJ 

(_!} 4jlS_. JUu ___>. 4jL& jJj->J SjUJ __-& J-lJ l_J_>1jj ,jj4**-J 4— aJ«1 I 

1830^ «L^jJjj^JI ^jU» Cy> Jj^* J-^J <M-tt 

(jjjjj -jL_SJ >L__- ^Ju_> (jjSLJ I Jl-U <j1 J— '■--> jLuWl 4jf -__wjLj) 

jJI ^-JUj . ( * } bjj_ UU_ JjVl jl-LUI J-_xj .(«I m/^ » 
j__LJ1 oU ,<-iUI l__iUJI o--^ i^jj*J J*** t&> ^jl- c^l -.Lb-L-iJH 

(jj da,Ti ^LVl _Uj jujL-JL U_j SjU-j. 4UUa __Jjll ---IjJI <_--» J~Lu 

<jjj <LJU V>L3_____.I LJL__4J A&jJc&Cja JjJ4jL- J___^jJI jSUJI 

JjUJ-j. 4-uIju* 4 _Jj_u j-L_j .4-JU _jL__-__*-4J *Juj>» ur^ *J— ^ J-«lj 

_-___! jJLUI jJl__ 4_JjjJl ojjt juuj .SjJLl UL-_j <__> L-L-l <-jj-jj 
4-1_<___ UU_ (^i-JI jJUJll (jSu^oJj ,1832 jjLa t >«^_L^))Lj__' j__« 

. Jj-M jJbJLl uLum (j-J-t 4-1 Jj 4 J___i 
Juu <_-_-! jJUJLl jjJL-_ j_-t- ___ c-u-JI J-__» <-j1 JuJJ ^U-JI <j£» fJj 

, L^jJjj^JJ L_« j_C (jjLlt Jt ^j-" jjuS" c-L__t , 183 1 ^ UJ1 <__ jj . JjVl 

4j_>jUU (j__u <j~ (*U-jJI cjU) « - - ' - -'I I J*--J *U-_« yjS ^J»oj JjjJ (jr^J 
,((j_»jVl j_jj_ (j£. 4_1jT (jl__j (j_3 ^AjjUuJ (j>^ 4 — iuC&W Jj^ (j^ 

3JUJL>. 4j_JU (jUulj) IjUJ-^ UU— CrJ,rtl (__J1 C_1 J__»UJ»1 (j-4 4lt. J .I i i ^J*Sj 

1833 j»UJ1 (____ JUl___1 4jf Jlu ,(L^__ju jj_-_*j *l — -i-U i .. . 
4____,jLu» (___ 4_! (jA >L___ * ji^l 4_*Jj-« U_t>.j (__lt1 4jL_JJ ^j-ili (__<J 

,4__ij JU_.L j-1j_JV1 (jj_ (>- 4___u Ju_uj dJLu i>j-«l (j^-o 4jL_C1J 

3j__L_JLI (jwa |<w_jJ1 (____) t-JU c_ul_-> 4*i iiiita . t «<J (j__i*__ Jjl -<u-~4j 

.(*__UJ1 Sjjj (>4 4_ub (__lt1 Sjjj_*JLI 

ajjbw» :^l_l_-4__i t-_wljJI o'>--I ij^ 3*----1 (_> VJ-^I ( ! ^>- t, ->1>-JI (*) 

S >S>j 3J_-U- uLlJ eJl SjL-^L. .JjL-JI <ys _ijVl -Jau. t-k cjLL ^jJI Cilj^Ut j j .«^ . t 
.JjJ U^j ^L-j ^l-SJI <j;j_Aj (>• (j-j JjIjj ^ (_^jV VU-^ ^-u <J I .« u Vl 


18 


« e Li jUyj JjJ J-jjjI d831 j-UJ1 <__ j| .4__i__ (ij-M J£lj--' -J Cjj^Ioj 

4 (1864 - 1786) jjjjj_*jjLjJ Lo.jJjj^JI f_JLc 3_j| ___-j *jjjjj* <jjU 

uijJL» jjC LSjjj LLLj <j_-i>. (jjJI j_aVl t 4^jJj_L»JI 4jUU_j_1 4I_jl m,j 

(jl a*j 1 1832 ,-UJI <jLjVI jjjjj .jJjl m"i (^uj Uiu 2-ju_ _* 4_<}__j 

^jj-^i 400 <> JjJ J| L^juu ^l 2LJUI ,j_J _1j 

120 Jiu ___!! L^ljU_lt_L L$ju3 (^jLs C-jf Uiu <4__J1 __LJj____,| 500 

J_J J_o __L_. 3jM — c *4__* llu* Jjl__L> (jU-jjJI ^jiMj . bjl-Lij tjjtj" -| 

U-pf <<_L*Jt £*) _>_u_JI Jl£ jj jJI (> 4JL- ,__ 4 4j___JI <j_« _l j_LL Jbljjil 
<_Ujl jJL__- (_Jj£ j-L&t-- 4jjllu<Vl <___J_V _JJ jj ^jjusIj t ( _ , L___4 L_t_J <J 
4jUj £j» li| .4 uiljmll _JL__ |«j .f«4« J_-_ jJl__m (JjlJj <4j__CJ1 <j_- 4U mij 
__Jjjj «UU-jju <___ (ijjjJI cj j__>. <<*__- (jj» (jjjj c_i___ __£j| »1830 f-L__J1 
3jJ_^jjkcJll?j.(jUjJI <_>-->Lj 4i-j£j_ CjJl^ju (^jJI ijjjJI <-ij^ 4J___JI 
' J-UoJ ___ (jjJ-ljjJI JU*J1 j-L- (j! (3J_uj * Ljjjl J-" _-- CjLIjJ_v__>I j J_M- 

j-U__ JL>._| <.'J'iM ^yjUf. <<-_JU_9 ____ UL_bJ <_Jt i_ _j! J_-L 1830 ^UJI 

.SJCUJLI 3jj_J1 4____i1ju jj>J1 StUlj .SL-ljjJI ^ Cj-^I f Ij__L__V juj_*. 

jjjbj-j .<jU_._1 _____ 4_U J1j_V <j__Jj_JI SjjjJI cjLj_ j (jt __U 3jM___ 

4jj_Uxj 4_*_-| j __jl_~ ^l i jjjJI c_jj_- L$j l-JUo ^l CjUM__VI (jt j^jJL 

j*__J1 4_ulj cjIj_JJ1 j*U_j *L_Jj r,iairt'j, j^U^JI <jj» ^ ,„1j _jL__j ____ 
c J jj^?j.cjbjjJ1 <J J^4j__.jL_JjJ^ ^jj__aJ1 ^jSJj .^jAJI j___UJI 

4jj1j CjIjJJI ^U_j jUu- ^j» ^-jJI ^ylc iC_*__jt ^jjLlll—lJ 4jjLs__I 4Jj*. 
4jjlJjj_o| CjLI__uI Cjjjvj *l__u_JI SjIj} ^J— . 4 434 dlj___j\« j_l jj t j<__»J| 
(jl_ JjJ jJjL_J (jt <-fljL-_j) jjLijUjj- <_,_ *1813 jiin 2L__L- 
(> J_! JljJl 4^U_oVI dj__j|jJ1 ^ (j_j .((iJjjJJ^t-- 4___c ^ L^_flj 

J-^JI J^J jJjL__J |*^JjJ (j^l (J_>1 jl L_>U) LJ_«_j VI (Ji- ^J (j^J-4 (jj t . 

cjjj_t J_> jjjJ—j ljL__- (jSUl (j-«j 1( ^j__ ^lj__l _JL_> (jSu ^Jj i(*)jL_jfj 

JjJ jJjL-u Cjjj_sj .<Ju_j (jjj Cjjj_> (jjj __j|jJ1j ___oL_ll —Sjj-j .^Licjjl 

JjJ jJ jLi- U_jj t |j_v Jj li -a (jjLu jL_ jJI _>jjjJ1 1— >j_v -i lijwo 4\__1__JL 

dUj| ^-2 L — uijjj >UL_ 1 ju_ _)l_j .C_jjj__JI (j__c jJlUI LiA I nitj (_;j II 
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1*« fe>u 


Jk yj _jVL__L c»j_-_»t j _T 4_J| ^j? U_ M ^UjJI _>L-__y I 

Jl4_*J ^jj ,jL_ jl t4 — J_il1 4jj_cjJ1 f»j^Ls _ajL_- Ji — uu jJI ' J-»J f*j — j 
LLJI 4jjJfc±JI 3>_L_1I (jl — 1} 1j_— ') 4jjij_ (jU<>it jjjjJI <-jjj- 4jL_j — L- 
J».j jjjl 4j! 4ic L_Jjj_« £-j-i-of I j__ij '(jdj-^ 4jajS_- ^Vnf. 3jl_ _;ju1 (____ 
.4m »L>JI 4J_3_J1 ^jjJI *_>j->- 4„irl^l <_>j__» 



&;jL~» JjjJ t_)L^ (>a i^jjjjjjL- £j_jJ 

1868 <2 ai*JLl «L^jJjj^JI 


(j~ cr*^' J*-> *J j-~ (-11 JjJ «Llil Jj~^J 

;L_1_j\~ <_JJ 4^__- _j_Ji- _*_Jlj *«^-LJtl» 

^jj ___ Ji*lll j *4ic l__ j_l 4__4 gjj J_J _jl_ Ujj 
L»jjj i_JJj_ L^l^ Jj -J1 LiJ-p- < jj — _ jf j-p-j 

_j_"L4j 1$_Ll*j 4JLojf (____ <_*___ fA jj^l _£_- ^_ _J_J j_ 
Jj__jj *3 nt a 3j__I s._uJ1 Jj_>uJ jJ__JI (j_« L^ *<5> 4* Lglj*,) 
.c_j_j_J1 j»6— * (_--- ^JLuu t_— i La 
<jL___u 3j_L___J1 3Jlx_~J1 _j_. lj-j_i Sdllat^o _JI j_3j Ju-J 4jjj (j__ ^J 
Lu (_?J->-J .^jj 4JLui ui 4-ua_ (jx. j! J_ (_,— 4i_-Juj i_j jJI 4 — jJLc.L_ 
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MMjMtijlSlt 


J}U- >« __*_l_>1j j J_u 3j<_<_ 5 — >.! j___> J.At^To (j_5j-ill ljLA(j! Ja__stljjt 
S JM~ Lcljjt <jf ^-1} j-u!u_j * jjic £___,L_J1 oL_jj}_} __j1^j____} J^wj 

•L^J--^ C_L*-j OjjJL»! L$_<_Jj tje jVl j*_a ^-lc U Ujj _l___Lc 

jj 4 4jj — __j_J (jl_Uj Je__I__1 4_Lii i4jUj ^jjj J-lJ f-1j—1 (j_4 (*__jj| (-J-Cj 

(jrUU j__ (___-j 4j! JLU .4jjljJ__JI -_S_UJll (jC lj-)U--« jf 1 JU^a L-Cjj jj___| 

<-_* r UkJI Jla (>«» jjlj_JLl ^-ic «j-o-LuJI jjb j.|jjV| jIjjuI ,,,, ,„ <j! ^j 

.<iJ_-._M £ljrin 

J-.-" lP^-J * 1833 J— _jjt __S «_£_iLJLI>) (yt C-JUJI J-___*JI jJU_» 
(j-~J ' U-l j L_j __-*- fi Virttl £j__ — __ *Loj (jU-ua <__lc <GLl>. «Lujj J| j U 
OjJwusj t_£j_i» -*M J-> 3jc-ljJI SjL_jJw*. __>LuIe jJL___J _j->j-»-- _Lcl <<____ 
<__j_jj j| » 1875 r L_*Jl ^ <Gl_j juuSj^yijSj ,V 4jjI_J| 5 ,,ut | 

«^jj 3l_j Jj_s) 4___i ^UJ! ,jvo jj| jj_ 22 <___* (jjLiJ <___> JjjJ 

*t_>-__J Sj_p--J1 4jL__>Jj_<i —_*___! U <__■__ ____.' Lc j_*» U n t 4_iJJLI 4 ___ljj 

t^J-* Jj^ J*rP-*_J 1838 ^UJI (^ «1 j^jJjjj>J1 j__>L__)) 4j__" jJLuoj 

t «^jL_J.I» l_>L__' ______ 43jU <___> ju»_«jj i L^jJj_i_>JI ^jc ti-jjL-- (_____ilj_ 

,J___ <jf jiT jJL jjj_5wj . J_U_>J IjJ.lUn" CjLlL»C U_j! JJb 4_(_C. CjtjJoj 

Uj-«t £_>1j <___> L^jJj_u>JI ,jf .. . jj <j£L <<J jj*_J| Ijla __!_, 4jl=w|jJ,| 
u " ' ^ oW J— o"J-* <j-*J <^-J1 J__j jj__Js_UI -_jj — «__ Ujj_>j-« 
Ji.jJJ (^--^ujSjJI jjl__XI 4_t dS\ jjjj t jl jj_ c-jjl.-! __L_ cjLSJI uj ___ j 
^U (^ j-aj 1 1849 ^UJI (^.—a *jj! ^jj (jt -ub Ijla (jL_; I mhj) 

4jJJJ-_ <_____ J_,L_UJI jl C_.U-uJLl (>• *lj__* . ( ** } (L_UjJ__jJl_; C__k_- j _JJ j 

er* Ll_-jJj_l_*J| ^JLc j_|j *jL__cL dUL ^jJI ^L_JI u 1 - u j n u ____$__" 

*\j—uu jj^Lu t_* «_^ 
« Li^pj^SJ)» ^jSJI ^MjLA^y («ic. ^4 »g^__»3llj (_j*__J| fL__»V1 .,.43 (*1_H L-ljJ Sjjjlo 

.(^jj-S-JI (jjlUI ji-ljt (_ii 
!_____! <-al . V < < Li otju . 1855 j 1848 (jh__j 2 j__l_JI (___* ^The California Gold Rush 
La--*ljVl (>- Uj_». __t JL*T LjjjiuJ_C c-»_>j tLljjijJ-r iL-jJjS" __i» JL__ijL» .j u Jjja 

J__i ^ Sj-ji-o 4-Lj____a j___o__j) jj (jL_-_ j^ (__ _iL___£_M Iju» jjf J-JJ ,,.<!, 1 

r UJI 36.000 j_*i L«j_L___ jj_i J__j 5j__j> -Jjjl, __lj 1846 f L__JI 2000 
j_u_,j » Lujj-J-? -_-_-_? j-j-o^ ,__ __l jJJI j ^USUI j ^.jIj-JLI j 3jI-J1 .Lu ^ ; ~ . 1852 

.[-jj_-j.ll 1850 j-UJt ,__ -jVj Ljjjj-jJ.; jji_vj 
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LjjL £_t__4 *1848 UJ1 <__ ^jls <__J cr-" <J_^ J-— *J 
___j^ 4jt (> ^jJI <>-j .1864 ^UJI <_._ (3$ljjJL ^jUj 4_i_-,t) 

j^.1833 ^uji juu^jJjo^^jl^ LuijL^tu iVt4j/^ ta^Uoj 

^JLaJI ^yl^- 4_<j____j _Jj_i J_ (j_j *0j-<-C. (j-o oULu>l_t * rttrTiU (_-j& <j-_' 
L__ ' .'l'"*' _t _-Jl 4_>._~ <__ LlmJj <«j--->L--J1>>J «^jUM» 4-uL_ J ,J">fh 
4__}L_ (^jj -_j-_ L_") <>-_*J U "_M i-Uj Juu 4jU>. _u_L>J1 ^ 
JUb-c (___* 4j}L>.j _T Jl>-1 j_5jJ (j! LL> e$j^ (jUj . (jJjjt J jJjL___ 
< nj< Lil £--->jj _-_! J *-U_i JUu ^jJI (^IjlJI <_--vjJj-t>Jl -i__JI 

J841 r LJ1 . ?>..,■> <_fl M .j Ar t __,t_1 (jj_J1 ^ j-ti-u ^LJt 6^ 
*2bjLstj AUta» JU (___.) 2LJU — «_J1 _J1 ULc CjjjUI 3jLj-» ^La 

j_jj SjljJl>. 4_p>jJjj-w (jrtjklj_j J__s l£JL_- j__L_u <<Jj *(JUJI 3 «jj trn 
(j_CU! (___ 3 U ,v. dJLcLa 4«j,Ut1 ^j—a L__j? j_l — _ Jj t <j__jVl j-__ 
jjj__«Jt J_otj 4 — __-._! _;jJ1 *<__ — <_J1 (jSJj tlj-iLu ciVj4 — __ Jl* 

J___%_u 4JU jJI 1 <-,"n^" _,ll1 2Jj^ — _J1 JU 4_l jjj jA 4 — ____ _Ji 

4__jj_- i ' _.**-^ __>l_ (jlatj! j_x£. j___Jt _jj_-j (_--Jt JLjJlsJI _K — _J1 
"UUJt CjI J—-UJ.1 (j*a t j_u-C L^(^fj.4_Sjjjusj4Jj_-La jj_ J___L*_« 

J-lJ -TlC tj . JU JL>JI pJUJI ^^-jLli^ 4£j-- j___j 4 nt ,M I 

. _U j JUu -_■! j_* _j}Aj 3jLjJ1 3jjL_« <__J1 _•!__. j U <<J> j — -> 4_uj-*jj tj-u^ 

L_jLVjJ1 (j__ UUj SJljJL>-j 3 j iiU» _*>jUa 4jjJ -_jj_etjj u-lJjJ 4- » . / i-j 

4_lUV1 i_j j_>JI ^Lj! ^ jUvT_M <-AU\ L*Jj_-_> t JLjjU 4i»_w U ^JL^-JLI 

ULL-jjj (___i ^U__>.V! 4_u_3 j ^Lj! (j^ 4_iJ_-Vl c-_--' U__ij) 4-^jj-«Vl 

c_u-_' «^jU» c-jL--' (jt J-v_j-.>UIj ^((^tjJLa-j^ jU_]l 4_<j_3| (jj— JJ 
( _U j JL*J 4jU>. (_-_*) J-jJ 4i-_ U JfT 4__L_> (__ (^jtjJ — i-pi-i 4 Uj^t l 4 — J 
i(jJJU4 j_>.T l_jL_' j-u_Jt (jrj_cl (j_; 4_l5_*j j_" «^jL-a» 4 — jL- ^-l»- (jS_ 

Jj-o?» (jjjjtj jJjL__J^L^4_, (_i_Ij - JjJ ^L-J ,4_JjU _a1j-__.L 

^jji ^j ltT __u,Lii ,_m ^ c_-_--ui j-^jJi (jjjjb oi- .«tl^ 

(j_CJ t^jU» <_-»_-_■ (jj- 2USU-4 3j_La ^J—t (_U J_->. ^jJI ,r< L_XI 

. LU2-I _>JL3-J J_ U-> J_>- 4jj__j Jj-5—1 (j*Cj ^ ^J-J —3j_-y U_ 1_Ub 
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(jjgjlj jJjLiu j^l_ U__j jjI-jJI 3j___j (JJUlj Uj> JuJl3. 4*j 

t> JJ----I jJL 4_^j_2_ j_____f *_uj <___- (j* -^J -^-1 "■'< ,____. 

_i < ^---Ji 4L___-_j ^LL^yt jj t *Uj__!i jjj-_>n ^ U 

Lr^ Oj^h> U"J '"*? >- L)---J tjM ^ljj^l J-J--J _$JjJo (j-C 3-*$* oL___L_« Jl>u 

oUJ^ J^5j___ll <>___ juu (^j^l ol JiiUa <j__ tj_Sjjil620 ^UJI 

(jjaljJI (jjjJI <_-_> (jj^W tS-^J 'L) ''iii i ! ^JLjJLjj JLjj>_jj£. oUubLjJI ^__JLc 
4_Li__L CjLs^U^I Ijlc Uj> <_JjU1« ^Ijj! jj^lo 4_l_j_' ^ljl ^jj^ j 
U J'"J. ' N 6' (jJI ^ *'J o ^*» er^ Sr^^J * 4j__oj_*I 2>SUI u-a 3 iil"t V a JjLUa ^ 

,<_____- ^j*! j^u c^jjjj^i jjSjj _jiJL_, iiy^ ja Ujj (^--^ _m 

o^J *(ct^>°^I jj^l) «uj-"*£» e^l J-»j Jj>«jj 'u-ajJlj ^LIL jjIj» 

4jf (u-f-*lj J-__-ij JJ>iJlj) (jJjjb jJjl — __b<ji*_j Uj> < rthytl &0 n,tl 

O- 4 Vjb ( jj__jJ| <±jjj_v c_u uij t,,Ju 4-j-_ic. 4jjj__i 4j J-J U ^JJ Jj-sjj 

.«£__U j-jij jjla-JI (j| Jj__J| Jla (j-a 3 CiU.1 j__il __Ji *j-*JJI 

J*_JL __j_$j) jj___ll -LijJL__v "LlIj^ (jr. 5 j__3 Jj___4 «jt j^jJL j U> j 
U-*- 4 o*a*JI (jt (j — « ^jJI (^. * J---*JI <-_jl — «-4 _jO_- __* Sji-^ Sj_____ 

cr^ u^^lj Jjj-iJlj ujjjIj J^ (L^La jJ* — 4 ^l , ,, <_»jUJ ^y* jU", ,„l 
uj-dJI 4jUj 4jj^ o^j^jlji £jJ*j -o-j^jljl ^jjjjL jJjL_u __>- Sji__ 
- <jL^ <__^_jj_iJ1 ^UJI 2jj__ (J rt", , „rt J----jj) Uajf <jJUaj * j __c (j>»LJ( 

. J-<rtf. A-UiLJI (jj-UI 4j1 JL> £-A (jJjUV ■ " "'t ' 

«Ijj^» SLpJI Ctti(j2 s j* Uajijj ¥ OSj (jJjjli o->#j!j) tjjW» **jb>laJ 
C^i J J*** U-^J^I L3— 5 Ll>JI j— iJj (jJjjb 4jjU (jru 4__Laj| jJI 

f.L*JI (> 'u-j^3bi v^ 'odjj^ ^j^jj cH-c .ujjjj j*x«i (>«j (jJj 4( jjL_v 
ju-LSj ^ LJLJl ^Utl ^jlJ L^Lm J^ 0 tJ, 1754 ^UJI ^i 1682 

4jjUJI Cuj ^ jiu — _Jj j-**JI (j-o (j^JUjVlj 4ojUII jAj 411^4 (jii 
4 jbi «r^l? (*UI1 (___ ^jjj . | j__>ui , U , „j ^ (jj~ 4jj_3 

(j<-tj ( 1731 j .<t .. , j _ jjJjJLI t 4_Lbf (j^j j_u_> Vl C _>L___JI J_J_JI 
1718 ^UJI (__3 J__>J L $j__ u Vl ^jjuJI (___ tfjlj 3" i „1 ^y» <_j| ji ,„ 3_u_ Jj_s 
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(____ a jukj . <jj2-Jl 4jj_s ^ cp-^-- 5 » £_J J-Jj _jjJ_-a JloLc j->_- 3jj___J 

c^l A**_J - (t) jWJI j-^P- 6* >>■ U^W ^J>*il 
2L^*U 3jji__. _M ^ j_a 4-t jjjjh cjj—jjj __Ji J-___U1 jjjuj t<sr -Luljj*J1 
^U__J jj * i La __ _>c 1j-uju iCjjj^j 4_ul*_*J1 o— c jj t 4__j£U1 

^jJI ^j^y dJllA (j-SJtj i4_«_-_ fUJ1 J-.'«"_ - 18 4j_aXl 4_l«.<_> J I 
(jC j-j-_uJl jjJJl j_»_- (_djju V <j_fc-J .4j__U1 4oiutJ te lJ l — _-JJj -d1,X__j (j_5> 
1j__j__jJJ IjjJ-^-jt 4jujTj *_J>1_) ^Lljf (jSJ i<j_jjl _» Cjjjjj SLp- 

a. :; Utl ^JLcj fjj__!1 oUu j*L_Jl Jj_J1 (_____ jj)j Jj_-a_» _jL__ ojj ^ys 

4_L_Jl___! Jl_-I j__ -t-jp-) jJLd _ ),". . . » m iI 4__ j Jba (_-£» 4 oj1t"t _>*JJ»jljl cr-Jj 

j2_Jb j! Ja_4 (__I1 jl__j jjI — <____-<_ JjjJ (_____! t ,jj_M 4 ^_Lial£ -rjj-- jjjj 
Jjj___ JLc J_____.j < 1 750 ^l—JI ^jui^^^oj^u^^c^l 

^jJ1(____j.-___Jt(___i L_Jj_U_i U_'> 16 Jjbu 4_}-_JjJ 4_*_U j-a cy-j^- 

___> 1; „,_, <__Lt _>«jj»j1jl <jp* '--Jl^j 4ju,L*1J — __-L_LH j_-_>jJ1 _>* 
*Lj_ (>___ <J *Lt jt J_j -ciUi juu j__L____ j^L_i1 <*_ ^jt o L<, . . ,>__Jt 

.SLpJI -J j i i.t -J j_-jj 4_4_- 4 — _u_UJ j-ls-J <jt (j-Jj-*j1jl (J-* ' <>*J 
L__J _L_-l_ jl j 4t __J_Jt -___JjJ JA £j-_-_- £Juj_^u£ <_,_> Jj VI 4_cLc J_uj 

j__-ijj.^j_:j_L j j-: (i; -fl UJLo» J_v«_o^^<J i «V oj» ai-Lu-j 
(>jj ^UI r UI) 1754j 1753 <_^l__ JM_w _j__,4 <_<. iLJJI 4_-___1jj 

^jjjjJLCJI 4_wjj__i__ Jj_____U ^Juj-^ ^i <_JJ_. Juu -.Lcj i(_jJ 4_J. 

4» j-ujI e-s _-Ui juu JjU t__-j (_-j_a_i L__ujj i 1755 ^UJI c-J-JI (^ 

^ *1jj__TjJI 4_*»jJ _______ J____». 4_L -U-U U __1>_J_____JI (__4 JL»o V (j£-J 

___J1 j *MD JA j_w 4_iL->l (j_« 4_U-U c_LJ-i (j-« ^jJI LlA t -__-_J_JI 

.4j^_Aj-* 4-»J_fl (_-Jl i-_J_J1 (^_> dljJ-^J __-JU 

L*_wl_ L»uL 0-^ '3jjJI j_JJ lj u-jv0bi °^L_>* *-"-»--' W 1$ 
* jlL___-1J (_-_> 4_uJ_J1 2L__jUJLl 5 j_-Jj_« 4j_S_- 4 .. i rill _>-__-! U (jLcj___ 
-__=__) _5ljjt j—-_- _y_» L__jf Ijljj .^L^i-Ujj JU__- Ij^jL^ 24 -u-i __L- 
2bjL___J1 oL_j__ai oL-lSULj jL_JLj __JI jjSj _L-_»U_» Ul« _j__ il) 4_yJ_- 
.[^>->-lil a^jjiiii _-_>__ji a_*i___-i --i-wijtjJt c?_-wl (♦) 
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^t.t_ii;jj_it 


JUA (jjt ££>UJ Jjuj * 1757 j j n . « O 30 (_-_J .( < _ ,tt.hU J < 3>^j 

___!! j <(<_-] jj f-_*L *__ jjuj) jjIjjj* cijUj £jj- *Cri>-^b ^jLJt t>±%jLA 

J^J ^JJ J""" U***^ U_jU~ J4f*^ £i>L_>l 4j--2U JUU J^ T l T~ t . 1 (jJ^ cJ-C 

u «hMI ^jj-UJt Cil^o. Sjtc ____ j__tj _J cr^ cij^e (j?--l -_L__JI 1j__ 

(jUjjJlt__^tj.4_ij_^SLp- Ut_j(j_U ujjJl *<jjjjl j (j-jjajljj 4jj--s_-_J 

(jLSI cjUj (o jjjjj a-j-jbli J- 1 jLi:) Ijjj^ 1j_--U JLiU 4_>_» 
ojjjj jj* ^jjj ^jJI (*j>JU a-p-jJtj .(j»Ujj £*jjlj-Jl) 4jj_J_J1 (j___ ^ 
L jHa 4-wJ j^~_1 ^jJI ^(jjjjljcijjjjj jJjl— -iu-jt *(1848 - 1766) 

(jjjjtj jJjL__ jj>»jj .jj__JL 

.<_,,Utl Jb*» <yS 4jL_- Jj_U ^ jJ-L JjAL_jjiXJ locljj i4_ut (j-_; ip-j 
t *j-U jj 4jl*U (^ .j^jJI (>. <jJ>--JI (> cJ-^ V-" <> Jt*-* 

(Septicaemia) ^jJI (jL_} .sjjju n^lj ^jj-— j 4jU_ *L_t 4juj-oJ £__« 
4_u>j_ ji_-Vl o-jjijl ji jj-oj « 1778 ^LUI JjUuj .4jLaj _J} (-___t U- 
4__jjJlt ULL Jljj Cj jjjj (jl^ Uiu i Lla\m Ja-J JjjJaJI Jjt <J*- 
4_Jl_ J__- j * Uulo jUajJ *jj1 (_-A_u j! JLJjJJ 4jjL jjLJI J — _t 1jjt-«J 
^jjj.j-jJI J--- <*-^--*tj- jLu__ 4jj| £jjj*jj___t(jJj£L*ij 1a___ 
C> J-J (jji. 4j| jj . Ijj—uu 1jJ~-> Jljj^ jAj L_ut JJJU-_1I (j-j— -jljj 
. IjLstul jt __L- (jjSu (j! (jSUj Uj_- j^uJI (>a <jrt*Jj Vt 
^^Jj «1770 f.LJI ^o-sjll 4jjjiD SLUa Juu L_uf (^-Jjj Ojj3jjj 
IjjJ <jj Lj-- (jj-^J cyJj^l ^^jj cHJ^jbi { ^ Lp-^ ^ 

i Uuj 3 j-_c 4juL_J1 jiJ Jj1\ i j-jW lSjL* cj-wj UjlIc (jSJ * L^jLaj ____ 

(j_>Li- V ^jJI jjJ__*JLl ^__dj * jjjL_JI O jjjj 4jL_ j (j___ Jj_I — l_J __jJ1 

(j^jjJI (jl SUt (^ic Lajjjw -ijj_»b -oujjajbl UaLuj (j^Lu -jjajIj 

___JJ (jl JUU Jj&» (j__JJjl_ _J-U (^ L-^llLljJ J _ ^jAIj '4jJI (jl j HMU 

^j^; Uj> JjUJ.1 jjJI 4i)>__ (^ic ^ w Jl Jloj t O_vjjjj CjjJI L-_jjjtt 
^_*uj t Jjj t u . nljJj L>_-ul 4-^jjjj» SjLu_ _Jjj- uUj Jju o-Jjajbl 

4ju___« L*jtj 1781 ^UJI L>jjjj «U^jj SLej jl-ju Ujlj <__U_ (_— _ 

. JrtU jj_j j___3 ^_4_~ Jc-lj __U <(jJji-T JULI 
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1*11 fe>u 


U-J^jU 4-^*J>U-4 _,__. SjjV__. £j__jj| *j__ J_" *1jj t( jJeJ1 Lb i___U jl_ 
}L*j 4__J__j .(^^1 J_>1_____JJ 4jjJ C-_j V 4_f Ut <jv-Jjjl_ 

jLjjJ» (j-^b *1jj 4j__|jJ| Sj_J| <jKj .1761 ^-L-JI ^ 4j__JJ 4 jt^yil 

(J-haj*. JliLot <j_« ftUl*JI jj» jb juJL Ja-JLl>. I j < j oSt| 4_U_>. j! ...j ,.. 

«^UJ^J (J j OJK*- t3i^° c>^ *l— <— I jJI) <j*_ KjI j_3 <j£ — «LtijJ Jol j 

^yj _1jj__J1 __J___| 4juL<j ___£ _ > _ 3 j____j 4j_c. Ijbtjl j Atj.^h ...^» 

4jjjlj-i V jtSjsL _^JU1 JSI jf <> jKj (<;r __J1 j^L___!| ____*_, ^ JuJuJI 
Jiol ^jJI) 4jjm_»_)N ^jjLlJ jU_f -___*! ^jjj ._r. r ,„<_! <j__ 
SjMcj /•^Pistil 4__Jj Stamen 3b „JI U >IU.^ __»U_J1 <*__. 4_J 
(^J 'J 1 ^ 1 o1jUj!_1 ^ j^UIj JLlj^JI Joj—ui ____. _j__ 1 jub ____. 

' -^JJ^^-J LjJLP* t* ^-J^ 4£tl-U__j JajjjIj 4j_J_J __L_iJ ____ _)Jj_-1 
O">0bi £* Uuj <4jjlitiJ| (j^-j)jVl _____■ 4_L_ 2jj_ ,j__ (^j-JI 
Lh»' 'O-Jj 1 '- ^J^JJ ' ^r> /t jl <j__- j^UjJI £*i>1j .4jjjjjJ1 JU_> 4___jjlU _-_ 
Cr^J 2 ^3>^ L>-- <4_l__jUjj 4_)>Uj iLjj^ 4Jj| Ojj_vJuj Ljljj___j '<j~jv»jlj1 

4^ «JJl 25 I^jjI _>_. L1jj_ _jjjj .^Uj (jrujV1 ^ljj JjS 1795 ^UJI ___. 
*U__| ____. 3jM_j t ___^j_____j 4_ji>. ___jjL ^jJl JjLu U jaj *____Jj_____| 

jj-Hp {_> J*s_J <jj jjjjl j Cijjjj jUjL___ UjjI <j! I j_ <_____! _j___, ^jj_f 

. U 4-I^o (jJj>_> <_>__ (j^J-JI c_iL__4 
4__1j Sj^ i « 4 — (jJJjl_ (jwuj-ajl jl (j_>. 4 Lljj — _j Cj jjjj ^ljj j_a 
Jaaj 4jj4_. J ^i (m I 4j? Jlu t (»Jj_I| ^jjL ^ 4_ISU jjjj ^l 4JUu_f J__u 
_iUH1 ^ g_>U« |<uJL_ _-J^l_.l ^jJlj ((J ^jjUJ jl__1 _,__. (j^JU (J>-- 

<_JjUI f< — uol UJ J 6-° J^-^J t«_Uj| J Mlf )) (jl J_ 4j|jJJ J^ . JJL>. f|jj_J 

?±jl\ (uy^*^h 4juI__I ^ o-j^jb) u-" Lmjj) 1789 ^UJI ___) 

LHJ^Obi -^J • J_J— jyO cr— — J^Ujj 4jw ________ jL__L ____. 4_f 

*>s*— - *J j-a^l < c > ' - '^ tJ-~ ^J ^J—- 5 c^I 

(j-4 *1jJt__ <_y_ ^_»ljJI ^J-ub I j^J (jl_> (jf JJLUJ t*l J-Lll (jwO £_Jj (jLUj (____. 

^UaJI li& c_____ j_u__j . ( ** ) ^juu3_ U j_ «o-ij^j ^j_jJj_j tc/ Jj__. Jl!ul 

•[(^>-»t] _U->JI __jj_I ^....j Sj-ipl (__ ^jJt j__I| trtopll t--. Laj (*) 

jj^ajj. p}2i (jjj^b o»>«jU »Li* Zjjllu*j]^\ a_A_J.I (-cljJLl *ju_ J}Ju_j ,__ 3_Uk ^Jj* (**) 

. r 1796 ^ LJI ^jljj j|j -jjjJj. 0 f - jj_ 
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itiilJjltJtSjlill 

The Economy of Vegetation «4_jjL;tl sLpJI jLi___1» 1792 ^ UJI <____ 
^jJlj The Botanic garden) «4jjL_!I 4_jj_kJ1» <j1jJ_u *^ jL-Aii) 
t 3__c„ J «2ljLiJI sLpJI jL___1>> <> M_" (*__j 4L»l^ 4_J_ (j1j__ l^j^ j_> 
LJ jU Ijj) 4_J_~ __l! 80 f__3 j* All Ujj 2440 <> <-_Jbjj .«_jL_I 

cpj-Obl j-^b -^W^ 1 ^ W--* U*>*** S^j Jj-" 
(Zoonomia) «L*jjj> (jljJL-. 1>_ 4J jJ** Jj! 1794 ^ UJI _U3 j_j 
0_ 1796 ,»Ui1 <ys «u__!j ^ <__J! 200 j*_ ^lJ^i ^b 
Lwjijj ob. <>• JjVl jd*i1 ,__ ^jlSjj asm <__ 50 j__b JjVl Jj-J_! 
tu Jj_M 4jj« All ajLL* J\ U^L . jjLaJI ,j_, * jKi _» U1 j L___j_, 
, y oyujhi\ <j~ 1a_*1 j <;>l___ ___- <J-Uj -jLL-JI ojla j! <>« {*_jJI <-i- 

. L^jJjjJIj (-(UU Ujj_! (jn.n^ ^jJI Jj_-J1 Jj__3 <--< 

<j-->JU J-t-l -jj-_~ jji--11 <j_. <jjjj1- tK^jbl J 1 ^ jjL-^oj 
a^.-iij Sjjj^JLI 4j___I 4JUJ1 <j! <j^jJ1 <-_- '^ 1 ^ 1 oLWlJlj 

<j! JLt JJjJl }Lf-__J ^jjuj .4J l_JJ_a JL*J1 *t hUj C-l-' <>>--- cr-^ 
_jJ_*j (JjJI jai_11 *->J-— <jJ1 jU*j^ C__Lj i<-__U1 (-- ^>jju £b-^' 
tJ __J1 *__^- <> er^J- 1 iS^^ <AL>-» 6* -^Ijj-JIj *=*tsLjJLlt Ij-h- 

Ji^U< jJJJ-J j! I JJ-V £j_- Vl <3L__I Ja> 4jjjJ -JU3 JLC jL-^j-CjJJ 

^ jJI >*Vl - <^_J___V1 v LS___-1 4aL_ Jj> <j_. 4j3.L_1 j*T i^ljj 

r.tj^ LbjjL <-Ul 4jjJ^;n L-UjJ Jiaj" 3j m.h jJI 4,u_>L>J1 jJjj 
C__lj .(jJjJ-M >c- 4jjjJ1 L$JjJ C.jtim oU_J1 -jjIjj 4jA^ j-^iii 
3. :: Ut l jLilj LtfJ .LU 4J>L«» Jlc^S j-lS jj>»! ^LcuV1 

cJuSiJI '.ijH -t» Lstusl J ULaiAl ^Julj . LbTj (j! i_SjUaJ «^JJ3 J^ (^^-3 
(>» L^U- Jjj^JI (>» ^l jjV| < Miy * l ^ i rtrtj (jSUaJ (jjJI 3 n1"iVt ,l 

jj jLSu <u«UL«j ji^T L^sUjl 4j>,xh L^*) j^3 U cru j^3j ^UJaJI 

(>a L^jSUj 4jjUaJ1 SjjJui j-j^LLa C.j(»h< 1 jjjJcJI (jiuu» (j! ((jiSL)' J 
j 2LujU j-iSLLa ^j^! jjjL C.i ou< 1j .^UajJI Ju «jj^' ^Lp^ 

.«...4JLJJ1 jjJlJI (Jji^t JJjL C.rtj< J .j-j^LajJI J— !U i4j1us jj J-> 

(>«4j!(>a L t __lj jJjjj) o-jHjU <jf 1jjfc J^c-s LiUj jj-II *(-__!! o-J 
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^-J-E. LAjjj--- J_o SLpJI (j? LaIjJa SjU__ ^tj J~»JJ ((jjjL_> j_>J» jl c-aj? 

:<^1ji"mi4 jJU_4 4\Att, ((jLajV1 '(«><>» ciJJ j <___» Lu) (j^»jVl j^L. 
(jUjJt (jJJ-4 ^-lc J>uajj *Cr— (jt^ * jU_»J1 (>• J* lO 2 
4j1 JLi Jj_> ^jj___J1 (jujtU jJU L-ajjj t(ji»jVl 5___t J-U 
jj trTt\ <jt Jij-Jt t^i 3jLut>Jt (jj* Ja Jj-»! n^jjSiJt £J>LJI 

4_p- 4 lj i () t d)t uij jLshJI ^kjJI Cj\ j _L1jj-»Jl ^ ^i^- (jt 

^tjjpJI 4«uUH ( J_.ty JjVt .... ...tt l^*JL* (PJt j t SjL*l j 

. SjUjL». oblj«r<u.L <>JUJLv L__ jjo! t-iL-C&t ^^lc 3jJL_J1j 
^l <-J jVt 4__J1 e jl_u_L J_u_ <j__ ,4jJL (j^ajj <j*j_ajt jj Jtj_. *¥ 

jL>-ju L_ j — >u V .«iju ^jL <j_jVt [—JLc 3t_pJ1 ol JUx, o 

L! SLpJI (jl — j jt_»1 j Lcjjj j_>.Vlj (jj >J1 (jru Sjujl*. g-J jj! J — L>J 

L-L9j t rtjCitlj jjJeuJI (__ <__>.! <,-*->- CjJUwj (j| U ; 1-$j1 j _J _i* jl_>" 

(j^J fl (j^J-ajl j| <j! Jlu /**^j_v (jj» J>.Ju (jjj (jj<» 3 j»ntnt l <j___lj_J 
4j}Latj ^-3 <_cAjj *jj— — 1 {«_>o (^oJt 4_ulu_J1 <j_jlj_iJI -_U_ 4_u-U <-£jju 

Ujj _LLiJI a_pJt _1_ISJ1 r U_>! <> e-W ^1 ol jui-JI <j! ^\ 

4_tJJ 4_vL>- (___J ^_jb *<__-• <_-_. Jj_x»J1 (_-Jl 5j_U. L^jj» — -. Jjt-u CijJby 
|j_ <jjSu J_j . 4 — MjOiJI oLI j-pJI j_-_i- (ja 0>UjLJ jl (^U_Jt J_J) 

<j? u>?J (J^>°j1j! (jSJj . JL__! <L_1j JjuL) 4Jj_aJ1 (jr* OJU*J Lu 4-t 

<-4j_-u-_TI ^jJI JjJJt 4jjj ^Jj 4jIjjJL J_It <-£>j_< 4\j__U1 _U_JI tf j_ 
JLl» (j? 4U.fc t _ > ^LLI (___! (jlojitj juLL <_Jj J_4 , (^jjJaj j-uu ^\ (jJJjJ L» 
4_jjj (j_«j V (_-_- (jl_4V1 jj_ (jJ—? (-JJ 4_p-i_J>. .U .r.n J— o_ 4 iuj 

jJt i rtjAUH Jj_JI I j__ o£ L_J -c> T c^i ^_ 4_pL__ jlcjj ( *U1 

(^jjj (jt (j5L<u 4JjjIe» JLp-l Jjuj iijjjJI 4jjj <_ij im (jljl uA\ 4j < .uCi 

Ji* juUo (^Jj 4jiAuJ1 Jld juLL-J ^jpt ,» Jj_-j* __Jj Sjj-Cltl 4_jJUj>J1 * JL___> 
.(jj^Ljla (jU_L~» 4J (jjl_j^jL_JI) (j_ijj" >.i,jt1 
^Jjil <jc #ji_)T (ji* v-lluJ i^L- 4_jL« jau (JjjjIj tj->«jlji J_> L*JJ «juuac.» 3 4K (*) 

. 4_Uj ^ aiL, _-i_: j^kiu ioi^i j»i jii j ^jji 

oj^li oL3iSjM ot Lj-:Ljf (jJ-t! Jlj:Vc-j-: S jj-JI ^ilti ^ a,.,j?fM (jt ^jCUJ (»♦) 

• JJJJU (JJ J (JJ» Jj Vt JU» <"llUj yf.i1 Jjl 
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i(jjjj>Jl (jA Ljyw» Ci.ot IgjL^ (SjjjLoJI 4 JJb Ua». (j* f*^jJ' (jy^ (j^J 
Jjjuj <j Ar <j-uJI (jj-iJt W M>*U ^ ^J^ * "^J"^ 

j j erJl Jj-ojjJI JjL* «jjjjb lkmjU t^l J-^ 1 J^ 1 

ojlSLat JJJ^J (aj-uSJI ^jj* Vl 4"<U iVif £j») JjloI jj . jjJojJI Snjrt-^t ( _, «ttr 

«a.^.Uti jujla» jjj 1803 j»UJI ^Sa jl^ — i<GLp. 4_ux> J1jJ» 

jlaLAII £jHJ1 4jjj}*ja dLu* (j* SLpJI jjJoj 4-uaja UJcu (^Su*J jJI 
^pJI <jjk/s1 jjjJI J olIo».}U1 (j* JJJ^ <jju3l ^laUI ol Jj^ -ij^J * ^J^' 
« j m,'i ^LaJJI «LoJlsbj ^J o-J-ajijl jf ^ * W 3 ^ <jr* L>L£ JjLu 

-SjjjU"tl ojlSl^l | j£j t( rtj,ty"tt ljjLoj ^jJt <4>.jj jf <-dJj 4 c_jIjSJ1 t jujJ 
^ i<l m»a ^cfcja ^ JLil uu jJb U 4^ti*j4 CjJljj 4jfcjub1j 4jIj| C.ufr > Jj 

jf 5jjj (j-ujJj *(>»Vlj jt j2lLu,^\ (jjj ^jjjj 4^jjJL>LJ1 Lujjja j_* l_>j_>. 

^"jin*! (JjC ^tjuJ Ijj_vjj* JUu 4 ,<■__!- i>"J-*)bl l 1 - 1 -* tr-^ J J "JJ^ 

(>» JjJj . ULc 70 *j-*£.j 1802 J-jjj! 18 ^jj 4j_u <_._» AjJJI 4__ialj jl 

(jj« ^C.jJI ^JLc (AjUjaLuJt 1 "UjJ_ ^-3 Cjj^Io 4j_j jJu jt I «1 <n — j}U.1 

OjjJ-UJ Cajojj i^jjjjjtjjljl jISjS^ 4JjUj* 4\jjjJ_j jl__-f tt\uti\\ j-uajJI 

.YU__"i j_£t j*: 


jjjojJI _>_■ *_ljUV 3U>itt t_ljUY Cuiulib _$_* 

tJj-LSJL 4jjoJ IjLAj *tdjUV JJ 4jjjj4 jj (jtjlait jjuj CjUdUjjjL - (jrO-- 

Ujl^jj (_^J1 2ULJt ^jLJII (>•) i^jlcuuo ^jyt *^UlJt 4\2jL> *Ljf j-*j 
.(^jjjj^ jjt 2ULUt gjji (jlsr UK ^Lwj-^t 4j*5La cJLL UlS* 4jf 3 jjSJI 
i \1AA ^LJt ^ 0 >,U ...r! jjo JjVl ^jj^jjL^^i^jL^ jjJ>* 

j^cjjJI (jja 3j <nr 4j_jL>J1 jjjo (jUa? (^ 4jjC j — uuJt 4jJSJ1 ^JSi 4j«jJju ^oIj 
(jl£j (((jlajjuUt SjbJI — b* Sj^LJI 4jLlsw Jjju»Uj) SjjSjjC 3 — uuaL>J1 ^P^j 
* 1760 r LJI JA ^JJI J SLJaj JUU jSJ . t ,,,n,,4 (jj*LJ ^wjVl ^ LjjPj 
(jjualjJ^t (^ Ljjj>. (j-»J*J tAf^ tjr^I («-t^jlj * L-J^ UJ^ <1>^ 4 — L,t ^-'J jf 
^yji c_)jj>JI Ctjjjjtj — uJt CjI jj — mJI i— jj->- ^Lj? (^ (tjLlJjJb) 3 — jJoIjJI 

4jjuJI 3L~JLJ cjUJI ^Lu ^UiaI ^ ^j * 1763 r UJ1 
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. L-oj j°t Jj-^j t Ui»y > I ,t j_tJI (__I1 JuiLuJLI ojU <_l J>L>. L-jl_>L~ (_lJ1 

J*-JIJ.r; <^j^ ^ 4i^jf 4jL__j 1768 r __l«___<_^_u_>Tj 

<-~-ljJ icAjLuaJLI J_-t J*u_ <-<j-w (j-JjL <___ j_il_J (j-4j igjCntl 
<_jT»U __IjJLu* j i«f JL«jj .<_jL_JI (*1-J <_JoJI (___ olj_L_>Lt>» jjjuas- ^lr 

Flore «I — <-_j_t (___ 4j_L_J1 sLpJI» «uL^ jjjl_o ^ ^ oLj ^JL*-* 43 j ^ 

^ ol_L_JI < rtj < (j^a _U__J,| <_£jLjjJJ <j_vjJ1 ~|J-->T ^jj|jFrancaise 
^ jJI (jj^jJ 4jL_ jjj) Sj_) <_jL__1 4j ^Ujj L» <____. 1 iiii i » Ljj . I uu jii 

e-L-cl L»(jLcj-u/j ,4j*j_1_5U <_J jUV l-_*3_I ( ( V LSJI j____ <___> _u-L__u, 

.__*j_-_«n ^j^jo 

V _J jL,V ^jj 1781 r LJI <> ij . L$-*5 (jjijj aa^,-. as^ 
'£JJ*- Oi^ t5A^'j O^^l ^J*II jjJu j*LSJI <_---j <L&i__ j 

jjiJI ^ji^j ^j^J . Ljjj? ___. 4_j__L__ 3_Uj *L__t <___> *4jIjj (jj« £__i V ^ jJl 
jlaLI* (jwo jjjll SjlaLU 4j-_j_3 <_JjU}U oLa 3-^X1 «> jla (jj J__Vl 
<_<-u»LJLl (jw* S Li i L» jjjLLoit (jjj 43jjc jju cJjUV (^Jjjj ^«jjLtl ^JLJI 
Jardin de) I jj jj o^jW* ^JLUI 4_3j jl*j 4jW» ^JLI j oL_J1 ^ a^.^UI 
(4-p-jJj_uJ1 Jj-_ij Jj) obLHI (jw« juj? <_Jj 4jL»LoaI <ji_l ^ m"l j ,(Roi 

4_*^a ^jjj .^UmSJIj *L__jj_u_J1j 4jj^J1 jL^j^I^ l.^jt.-.ly, Atj 
•LJjJ — uu. 4_Jj C.,U. uIj *4j — boj j__J1 3jj-J1 Juu (jlUJLl 42jjL>- ^jJojj _ol cj 

ol j ,^-k JI» *jJI juT^,»— t,uj (jiST U 4—^ljj (jjc t( ^U _h , .ilS' t J^jJI 

J J*-J '1793 j»LJ1 ^ — uijj-iJI 0 «jjUI I jjjLJI ( rtTrla (^ «(jtjLJjJlj 

U^l jiVl (> 41*1^1 4^j^*JL1 ejj* (jlLT y ^jUV J^l 
^Jj (C ^,yi 4jcb (jl^ 4^T IjJijj .«oLjj^^UI)) ja UcU ULl 

(jl lJjUV ^LLj — uil JLaJa cujIj-usJI 4jL> ^IjoJL 4.ijaj.L JajIjj (^T 4_jjJj 
UuaL* — <i *JJLJJJ (jl (jjj (jw« idjjlll JL*JJ ^LoT (_yj2 3LpJl JLj3 ^JjL u ^ ij 

^jlSj (jl t L*aL>. IjLi — uj\ ^jLicL <»jJjUV(jw8 j-usjJI ^jJii__uilj . U jiai. 
o1j»_»L>JLI olxJb LJ £j_>jjj t< rt-r-"tl (__a LjJ ui ol j__>L>J1 (j^ 3J ...1... 

(__ < j£_ Jj! ^jo Lpsjjjj Ojjlajj 4j_a <zA jjU"<T1 (jc aj_C_l _)T ' ^j^ 

.j^Ju UJc IjJ-j Vj4jjl>T<". MMt^ljjVl ol Jj^ Sj--- <1800 f L_*JI 
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VjjjJ< Atl^ljL^Uju-^T^^pJI c_L-_l_ai-_-___^j c _Jj ju-*_-j 

oUu, U L-Sj (1 mijiU « rtuirTitl Ijj jjj) L^i-Luaj — Ji L$i_ — _«j| __Jj 

toLjLSjsMII oi Jj*jj ^degradation Ul_j ^jG j! IjUU l 

i^JoJlll (___- . UiU^'iVl | jlA Ujj_- j-« jfi!_1 Lll £ — ubjj 

L» j__j 4 jMj-pJI o___LU <_--» ^^jll u \,\ m A\ -4 — Jjj 

.^^ioJLoll j-Su-JL^^^i-JLl C-LtjjUII .^JLc. <S^UJ J <> a '!>dr-* 
jJj&iJ ^-Jj^l 4__*-jJLl _-Jj U*JJJG lij-rin" L$jL__ *lj-p-tj 

<_,_. 2Lul j_pJl cjLjLSJI (jjj <Animalization (^lj_pJ1 
(_-jJIj i | -fljkr> -U w, >S?lj ; Ijj ' Li^>a*i L$JK _..-4 u if*>M 
2Lulj_pJI 4jjn<tl (^Jj i^"ij«.i*i __-. <„1, m.'i 5nj^^tl ^ jL<_i 
ciIjj ^Ul cA_j_$J1 (____> a'jJt Ujj t^jJu j — «j « animality 

3 :_t_" L_k| j-_u La J£ Aj c<r.L^3 I «1 / n tStjiUtl Lgj 

. (#) 3_jjIjJLI _-*jjJ-JLj j&\ c^JJI ^JdL __JJj J± 

4jjJJLo 4j_*_>- (jl-j-C 4jI jj» ^.jJI e-ic. -_ljU_/ jj <Jj->*t SjUu JiiiJ jf 
___<_> Ls (jJJ CjjjJoj 4-pJl CjL-jLSJI iU«njl jj Jji. <LU i< >( rtf (_____. L___.!j 
SjL_-_.j (^ Uil eri*>JI l£-41 J| 3 jUJtf I j! J-W---- J < I JL-JU j-*! 

. UjIjlLoI (___. jjlaUI 4_iU__ l^-ui_u--l 

«JJj jl>.jj V>><t-djUV5L>-*jj-_--_'t_^ J_A*J 
c_-jL< (jJLa - jJ< juja^jj Jj — Sjj .ojj^jIjI jl^sL 4jIjj (_____. 4j! e,— U 

c-J^ ^Mrtj 4j A j_*j (jjLc Cj jjb c_JjUV jlS^I jj 'OdLSD^ 5 ^P" »jj — <__ 
JL*J ^ jrj-u dJjl «V cdjJ ui j_£Jj *4iii>Jl L_3jju (jj jJtjj . U-Lxjjjj 

^jj^ (_3jjl!> V Lj! jj» («jcjJI (^sJjij • jjjjl j t£jjJL_uJ LaUj MjU» 

JUIal 4lui 4J jt j^Jli j£. *_3jju LuU t4jLoLiJI 4jU>. jX. j_» — u-xI1 jJJJI 
Jju ^jjj ^j .CjjII (jiljJ- ^-Lc. ^-Aj jU_o£) l_£J ^jjjj Uua (j-U Slj-al j-<» 
La c-->_ifj t (CjUuj j_)j! Jj-L j-a tiJL-Aj) Jii'- , l ^J-C. jjJji-l j_-ujL t_JJ j 

jjjl___. jl) jjjjlj o-j-*jljl i_y&*- cM- ^ ^ -tlhL^' jj-L-la j-i J-y V 
La_>) jJuJJ 4 iitfl c-u-a.li V (_-Jj! c_jjJ — __L ^Uj <(4Ji_l-_>JI j—Jjjl-i 
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^JuL <j1 (j_ 1j^>-L_ (jl_ 4jf (<-— £ L» Tj_1 (j— J J— tj iJjjL—Jt J— _-*^JJ 

. 4_,JjU.a (— ~>J £J_»JJ tfj__! 

( -«jaLJ I £s_jjLJ1» 4jjJ_Jtl 4 '<y»U JJ— —II (J— 6 d J— — (J^ ^Jj 

(Histoire naturelle des animaux sans «4_jj__}U1 _L_1jj__J 
.1822jl815 (j^ Sj__l <y» ol ^ jju_ ^jJI * vertebras) 

(__J9jjj) tfj.iA) <__> Jl3j j-_Jl (j_« (jrUo-_uJlj 4JU_]| _JjL«V ^JL 1 <i"^j 

ijl t<?J __ ^ jJI L_Ju$J InjnT^l <jSu»jj «1829 j-la _jj 18 ^ ^jL 

^i» L g.i_ - j_, «jruljjS» 4 — ajjl Sjj_o (___» jjJaill (j— — _]jLaV j__1 j — >.jj 

:1815 ^UI^jjjiJJLIj^^ 1 l^ Jj^l jlLjJLI 

Jjy» 4_ut jJI 3l__pJl i£j£ J__u Jj>j4 : JjVl ^jj i_JI 

jJUjj j! ^jj 4jj__J1 f\ r»i"wVl jljjj jf (__JJ ^jl J 

. l^il j SLpJI d jJusj ^jlo (__JJ L^aljJo? jLul 

jj^ljj (___» 4j;jJ__ 3j j_ 4j_ 4j! jJuj jj iLa JL_ (__JJ -. f*j_ I ju__j) 

j^* L>UJI 4-pJI _>L-i__JI £■ I jj! 4j-J_| J * j^t f 

.(jj__l 3j_i_— -» £_-s I ^n^"^ 
_Llj_pJI (_£ Sjujl>J1 *L___.Vl Oj^lo t^yjLJI jjj_JI 

ii&LA — J-_i __*1j L^jjJ i_J IjJ 3JL)JL>. — I >L>J 4 xuj 

_L>-L>JI ^ jl^J 4_)L>tj _1 — j4_ 3juj_>. cjISj >J <L>- j*mj 

. L^Uj <-JJ 4_>_UJI ^j 

_ jjju La I jj (4___ L_>. <j_J I j_ <jj jjJL2j J__! w >«» Jj_l (j-_Uj) 

<j_l . I^ '<jt i 4jjjJ___ otj-uu JiLil JL3-J <j---J-i ___> _tj__ j-$— J 4j_lJ| i_)jj_* 

J_-1j J-_U «SjyJ_>Jl «ll __Vl» (j? J j_ ^J__4 JJ-)J i^^IjtJ (_jt «V 

. (4_tL (_£ jJI JjjjJI __JJ Jj>- ,j^i ^ Aj AU _1j_jju 4au_ (jiijlj o1jJsVl 

jj»j rjru 3jj l_4j 4_uIj 4__0_, 4_«j :__J_II (jj—j—JI 

. L_ 4_ujJ.1 ^L_cVl ^Ijl%1_I jruj L^jljjLdj »L_cVt 

^j V Jjiot (j_/jj_i__J1 jjLL _ jj Jj-dJ ^-iJI 3 j__Jt (_A d JLAj) 

t JL_j . *U,1 4 — u^^sLa c__»T>jJ (__t (_IJ Lul j 4-j _>. Juoj (JJ*JJ i^i Jl 

.(UL_ l__. 
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j*S ^AJS j!...c T ^^^UJS: fc |l > JI ( j^' 
■ tx*".~j t 4jL-» (^JLa ^yk- jj_J1 o^lSJJ ^g jintl l jJj£J1 <__fl 
J-i^ J-1--JI 4jW. JM-i* J-_-1j3jj <j-ISJI «L? 

.JUJJ-JI oIiLl c^JlJI Jj^JI Jjjk (j^ erJ^I 
.(UU U-i. jAj .4,,,r,<!,1 oU-oJI 2_1 jj - 2L£>U>Ul cJ jA Ijla) 
L_i_j Jti\ dllj <_a <_JjUV j—Ic IjJib ^j-^/t 3j__JI J*J I jub j-^j 
4_>l^ (JiJt U jl_c jj Witl S j£_* (>i j e^l 4_*_-j JjjJ jJjl — <~3 Ji>- i 
.2LL*aJ1 (j--_> j-^JI £j-f M «^.iL^» 
l__*.L_> j_-UI ^JUJI <_*jU 4jjS iiijLw _JjUV j--af c_-*w1j 
<£l jjVl L_Lia U_ _,1j LUj <>4jj O 1 ^ l^' £j>>- c/j-JI jj— iiJI 
t ( 1844- 1772) j-iL-a - cM .. . ^jj^jjs. jjJLijjl ^_!jUV L_-aj>» jj-cj 

jjljA - l_-L- f£.± j--»f <J__jLJ (j-Jj -(j^jL <-_ <_JjUV Ja_. ^jJI 
1j-ji£ <_i^--1j dJjUV j-C-f JJ— 1«J jj^ -L-jL-t UjJL-tL_jU^4 n^ni 
*L--_Vl )) -JjUV 4-lo.u.J U (jt (^l 'Cr*^* ejLi-U^t Sj-Oa 4> 1 J* 

^LJI (jj^JI oLijjJ-c. JL_j ^UjIj 3j_l_« 3jjj-_JL c< ,,.J «_j_*JI 

:4j| j-— 

oLlj^pJI <jL_ <* jUa jLjT (-J) CjMjJuuJI *jl- -_-f 1 -J 

JjkJJ l-L1$j i__j u 0>Lju__l! d_\-4> L$J __«JJL>. (---Jl 

-_j-_J J< *'tl j-uub _| i U Ju» <__!] J£L__J1 4 nh V a (_Jj-~f 
. (#) SjjJLjJI 2-UJ1 UjS-U ojSu 
4__-_Jj t 4j-jUjUI <>* j---L__ I JL- < j o.hn 

4_0UJ! 4_*_«U 1j-__f Ll-jI fucj jJL-> - o-U (j-Jj .^Ll-SU *UJI 

^ (jjLUI jjj__l--1 ^-ic 1 J-U- Jl«1_1 4j! (> ^jJI t-lcj ^ljJ^I (ji—J 
<*j^jl_j (j! JL>. jj JjUo 4jI (jo- ^ jUjj JjkJI jjbo 4jL- j*^ 

jlSJJI (jljjj (j-o ^La 1 jSLaj ioLj>. jJIj oLj__J1 j_w|j j ,»^1 1 4^ 
(j_v ^jLSL-T t-U j t-s Uj <4JUc1 J^ 4__JI -? JlS-!j ^jjj>j^ 4^>.j ^ J— J1 
(jc J*.j j_» <_JjUV (jl^ j-l-_ ^LJI (jj_JI oUjj — Ul JjJUjj . jjJ«a-JI 
.«OJjjb Jj>_)II 6^» ao#jJ ii>-* V^ lV u-W3JVI (*) 
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'J-O^ Jo- __JJ 4j_. 4-_JI <_jUl-I J£ ^^^Lui^l 6jJ<^.» jLfl_»J LjjJI 
«j_CJ .J^j^lciiljJ^t .Un-LT t^^lj^Lj^^Ul IjL^c^joJjjJaJl 
4j>J~~ Sjjj-» ^ J_jj_J| <_il_ J<C g^uJj ^_CJ }LjJ- L--j j-«Vl fjJl_J 
^o-rl <<< j ^ JjjW-^Jt-JJ jl^Ujjj.jj^J^l^^u^ 

.0j_£_1 j__ujj 4Z__La__i 

43U>> t<jJ_u*t- JJjLIj 
o- 4 '-.'j'- — ■ l£ ^Hi—J (jjjjl- jJ j -____» (j-=. (jL-*j|j ul^jjU ,,J 
*W>j<> IjjU^o^^I Jj-2<U_J1 U^toT^j^j^l.iiiiKJI 

JjJjJI JL£__£ cio*. i( UUJ| J^ 4_>.j <___ jrt ,«Uj ,J_r»J1 » t. 4j .j__J| 

o-^cg^a^ jJ '"- 3<-JJ J^jjj <(_U-JI ^IjJI^ jj!_-I1<--c£__»IjJ1 

OjJ3|jj U l_J 4jJ3 ji_j (jf *L_jJlj J--J1 (> __- IjjjT 

<jL»jJ1 -* 1 J--> lij-^- 4jf 2Lul_J1 Sjjk niVl j . ^ <__ijjJaJ1 4J 

4ja1*J1 ^LuaiJI Jjj__j o? L^j j j__j lasJkjla S JL-U 3 j-u_jj ...tj 4JiUj 

c-jL__VI Sj^ij (jjjjb jJj__-_j <> <j? j-Vl 4_u__-j .j_£t j! J 
«-jIjJL j\j^ (jjjjb (jSJj . Uaj___c. £__ |jj> j-lA jl^ ^JJ Ua 

Jilj 4j-JuJ| 4_u__*J1 <j_. 4__*_> <___* ^jU j_i__ jstj 0 lr S jjLUI j JL»J|j 

.2U*UJ1 cio-UI > -___|j JjUaj 
< "<V o jj JJ3 —tjujj <UjI <j— ^ 'OdJj'- (J-^jbl *-_flj *>-)! l_Sj «jj 

JjjS J__jlj ^j-ujj^A <__tj__ 4^vl_Ltl 4_uJ-JI 4_-_-jUJL1 JU_» „Uj_s 
j-L*JI <___* _*__j |«j!j «__jjU <_£_«» i„j 4 — ____J ^Ll Jj-**- c-ju __JJ _U_ 

4--IS JjL^jJ^lLjL--^ 

_*U_j1j (( j__aJ1 UK 4_U_ *U__u^ _| Jjjj ,j*1 JL_t ... /y> j_£f 

^LI jJiLb ojj) ^L*-->Vl JULVl ^ i^jSJ Lf ^ ^jb 4_SLc juISj 
jJjl — _-_ ^a-Lis- j>U« jj-J j_**J| 4j j_Uj (j«j>»jljj jf jlu ( (<_Uj (___5 
l>Jjj^j uLl)L* 4j1j-U j>U_m *Uj .-u^jSJI ojla JL___»t jJL-ol ic ___-UI 
^ ^j-jljj j-^1 _V| j . 1803 1 1800 ,1798 r lj____Vl ^ uGj— J 
brP-T^ 1809 jjIj--j 12 ^ jJj ji-a^jjjjb ojjj^ jjjL_3 Ul <1804 
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LujJI ^| cJL_> j J-j (^K ^L? 5j— Vl Jib Oj^L-il j) 0£H^ c/M 
jjujj .j+Mi\ uryuj^l j SuuljJI Jk L1jj_ r Vl cuK Ulu 1810 r ui 
4$MiJ1 4jI jit 4j ju_>t j < J-«£j J~^ sU>. 4_jii* ^iU jJjL^j <jt 
cuJI auAt ^ ^,,.-11 j <_ri j_JL *j— Vl 4J c*~*_- jj « L_ 4i* j^Vl 
SubUlj 3*1 jJJl C$jL_u» (jrJjjK ^jj ^ «^d^ 1 * r»LM I ^j 
ojjJuj .ju£Vl 4>V ^L^yi dry" I jJ«U . juuJI <>• 4_,_II jJb ot t^-lj 
^ eJbljj jJjLi.3 Iju 4i „,H «_j ^jjj « 1817 UJI Lj jj^ jjj»V1 
i^jju ^ LJLib I juJj <jt J^ ^jjWiit ch-JI 4_,jj^. cr^ jj^- 51 

jjjj ^j . 1818 r UJi ^ (^j-obl ^ Wl c^O (i^aii^ 
cJU jj .jjU^JJ £jj j-A (>1j-*Vl L«__ij 5L>. j*? «ul cx-j>j3 1817 
^ ... n ^t lj 4jl_l Ja ^j SjU 4jjuw LajUUs crp- Sj~ <j-o* <jj~ 
jM ^yiiij <jt L_j <oJj <4j cJLt (^l 3jl__«JI Ut (jjjjb djjjj jjL*ii <J 

<jLA» 4ju» 4__LLa ^t j_o> Uijj <SjLui_. 4jjIj 4j*Jj J_*J 4j ^ Juj*jj 4jjT 

(jl jjujj .4jIjjv 2L2j ^jLJ^I <>* 4jJIj1* cAjjj <ya Jjj__uiIj 3^2AJI 
s ^Ll. i±»jaJ*lJ£ (jjjjb jJjL__ <jt ^ . L5S c^i *j1j_ 

.4*t >_ Iji^- Jj— Jl l$J— ' J^^ <L' 43Lp* (jj» 

Uj (jrtJ jjj^ (jrJ Jj_J uL-^jLi CuK 'Oj-JI (jjj— «1 Sjbl (j£. L_fl! 

. Uajjj ciilj j, v jjUs>V1 cjUJI cjjI ^ t 4— ^t L ^U2JL LujJ ^ . o »«j 

t4jaf Cjjx (jl 

^ic JjjuJI - LuSj - 4J (jl^ ^JL-^JI ^Ji «Lu! 4jL*j_^l L-J---J 

(jf (^i <ji>-l t ^.n^ A (j Uy..H 4 £L_> c^*j jJjLij cPJ' 

SLuuiJJL SJuju 4jj_it- C-l^ tCiUjUJI J CjUJI (jui J J_ 4j j-u^ Cuj J* 
IjIjT <JjJJ («J I — 4JJ L 3 JJ^U^^^*J^ , (>-*^^ , <>^ 

4JLVb :Uj JU jJjL-J J_-j! Cu-Jl (j? j^ljJI Ju>_-Jj . 4*5b AlM 
2u_IjJ1 3j-_.Vl 4lu (j* 1 JJfc 4,0^ ^_ <j-j «u! 5_J (> J^lj fU J^_J 

j^1j_1 olij (jt u—li j^-Aj *(t>->0bl Jl ^ (^j) 

l^j-ujjj--_j 4__ijJ-aCul^.(jxuu 4j^ Cjjj! 1818j 1817 (jj» 4 — a 
Uj . Jj_>JI j^_ 4_^J» 15 Juu ^ - CujU ^j) CuaJI (>x» 1u> 4__uji 


35 


ol ___* 9 oj_«__ ^ 4_v___J L _>SJj -3 jj£_l* __ljLj J_uu <u 

V Liips Sj^ JjV C^JI _>_. | JLuu o^uf4-^J>kc^x£| 

* U J_ 15 jf ajuiu 15 o^lJI __lj 4_L__tl , ___. . 

^j^j cr*^' £dj-JL ^jS ^LwaI ^jjjb ^jj __*_ 

(•><b -J^pUI ^UI ,|j^Vt JL_ljJ *_* <____! ^|j ^jjj__, 

^UII ^j . 4jj! 4__S__ <___ ___&J1 ____. _flj_____« < kiUj ^ l^L, CjLLul ^a^J 

jJjLiuj ^j^UL 4a_U-| U^ljjJ) 4___JI e^o^jljl UJLuj ( 1822 

ob «-«-^j fUifti __£Vi _Vi ^jj jjjj « j^ji _,__, ^ j ___-i__| 
^i^jj^iai^ ju^g^,^ jAjj^L^L^jdij^u^jii? 

U«j ^U. J~-~* ^LlJ 4j I j__U_, J__*JL jJjLi_ £___j ajj^ c lU". ,., |j 
jL* _j___ ^ J_,L___UI v Vl t>o 4JLj_*_ ^jj ((U ___.jU ^_» c^JI ___, 
£j-> J ^4__«b 6 j <_j_J| f UJI ^ ^j^jl j| J^) j . UJ j_____j u_ll> 50 

_>_.L_-JI 4jL___-J J__dl Sjb| jj,L___ ^jj ^ ^j (4J j^) f _t_j_J l__j 

.c*-lJI a j*L L___.j 
J-W <cj <__Jj . UO_ cuj jjj .3j__,Vl juLSI. o^jljj ^jUlj 

CrHjjJI <> >*--^lj J-UL _>*-__ <_» ^j t 4_*II __Jj jU* - ...r, ^ 
^Ll>-*< J* *_-*L__VI 4______V| «jt jac ^jlj^^ <___^_L!>V! 

4____j_u. <_i sL>JL jJjL___ ^Lbj ._|j_a __]) cj j_4 2L___,|jjJ| 

L)T ^ \*U*Z __!_, ______! 4_S_j *_>_j_«jljj 4a£-I oj. <>. ^jjj--- 

^ ' 1823 f -*-_--» t>->0b! *j _3 *- oL_^s 

t dj___ (___ ^__i-_3 o-L: __i_, j_4jL. 4J _,l_T U-o *3jIj)j 4__L* Uj_____ L__j 
4_^_L __i__j ^LuaI c_i_J! __JI 4_5jj_c juu 4jjJ L__j . 3 j____ 4ju!jJ| ____ 
^jaiL ^^IjoJI JuwJI 4__LjJ! J^ ^Tj ^jJ^ji 

_$J?J t Jicul* j_U_ ^ SLp. Jj_>J jjljj ^ ^ , ' n 

* o__ilj ,4___.j_at ^ 1825 r UJI o^jjIj o j_,jj 4_>.j__f a t— . -JL_J_ 

u-l^-<Lj_ _>-j_-J 41* 4jjU__ ^3 ( jj_^ _L»___J 4J |JU_L_, 

. _-Af-JI __ot_L <UU1_I ^ ^ r | j_Vt __tc |^j____ aj^JaJI __V^yJI c_K Ujj (#) 
dn-L-l Lru __lj_.Vl c_^T 0 | 4_t_J| 5j SL_I| |__ j_,lkl_ >(> ___j| 

.^.18183 1817 
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.^J* <_JL_ <jj_J o — -i-il t-JJ -U- • j-^jjb *-L*J lt-^ 1 

j-_*JI 4 _jL_JI Juu jjL*l» <oJ jJjl — -3 L>» 

*jL_WL jl__»j ^ju^j^ 4jjAltl AjI j___. j— ■ o-^jb! O-* 
3 j£_UI c-il-C tC3r cKJI 4_jjJu (jUSLij -J-_ 4J__, ( ^ih^t ^4 j- 

^ (_J_J| 4_u1jj oljjJLa j__*J (jfj jJ jl — _J *U*1 C>1 
j^j UUi j2Zu*\ J_ (jj_j ciJLJi JUu 4jf J_. J*Vt jJLulj t *i--l 
4j>LajU <-*_«jJI J-AJI c^ Cy> 

.Jj-UI j^l^j^^j^l^j-^1 

3jt_l 5 >J_? ^ljJ <j~ CJI^ 6 jjjjj ^ UL__ ^l 4JLaJ1 ol Jj-H c£*fJ 

JjU (j^jljl <jt <>• (^jJI <> ^'J W ^ 

jjjUj Jj__>J c_Jj>S ^JJ (jW^ 1 -*^J Cr^ jrH^ ^ 

3, ,„IjjJI <_l jj_JLL jUu Lu> U j - . U Ai T (j_ ojjjj jj_b ^Ji 3 Jj.^nl 
, Ur« u .t , t jJjL^il -^j^a 4jj_ 4I , c\ L-Aw___lj : jisL_yi 

^ l-_L_ . L_jf 4jj__L_>j 4i3jjx. l-u_*JJ Jj t4_JjjJ 4jLv^i *r*^ — 
C-L* <j_Jj .4j__l jj >» 4JLx* v_ilj*J bL> fjlll Olj '-«-^ 
J__J<jjjj^*lj3.i ^ljUjdc 43lj^^Jj^l4J--ilj4ji>jUJ1 4_->*JJ1 
< 3ju_i jj_j 4 _l__j3jLp.jJ1 SIjkijJI (_<bgj— C--" j) jj J-— OJ- l>* 
: JjJL 4jj1 jJI 4j jj_j <_-3 _Uj Juu c_-j * ULu 3jl*j £j-_j jAj J--UJ1 *JJ^» 
jj-aawt fj J . 4_jU*J1 JUj^I J_-a UjU. C-_-->JLj| 
*\jL^\ J^lj-l J^ OA Jte. C^Aj 3 ;-UJj Oju 4^-*^ 

&a JijJo (>»j J^ 1 jj* cj j— * « UjjS cuK U^» (jA—^lj 
.4<:jUI ^Ltj YJt^Jjj^ 1 » ^iJI crJi ^IjclaV1 

(^Ju* ^yic. ^Ua-cjJLt UajLLi (jj-JUJl — «i crl«jVj> 

.(*^, f Lc 

* J_A-JI 1 Juu <LuV ^j-u-jj 4_---u jjj-u <jt (jjjjb c-U e^i--^ 1 Uj 

4jL_-,IjJ ^LL-Ij* j-l- f jjJ1 1 J_l_ * 1826 jJj-Tt (> *jaj-} t-Jji ^J* 11 jj- 
CjIj-oL^^Lj^-^jo-JI ^JjLJI <_,lj-_dj__> ( > 4__,l JLj3 4-|i Juj <4jJ-11 
iL_ilj *j_ ai>U jju— J^-it ^ jJjL Ij^ U«>^ tJ- <^*>— it M-i (•) 
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*(1874-1793) _-!>_ cijiu jAk c___ ^ii 4»»* gjjj <1^jJj*>JI 
t^i <**Wj *i>*JI sLpJI ^ j^iJI j ^jl_jjS___Vi jjUil ^ ,V,tl ^JLc 

- -* Ob *^J-- ' *_>^_L C-lj_ ^Jjj , 4jj_JI C,Lj_ jJL j Attl !Ujj 

t^j-jLA-c^L^ L_jt_jL__j 4it^>Li__.4^jU>_ISj__JI jSjj 
«j»^ 1 ) u_jl- <p*JI jlS_Vl *j_> J_ij t( jjulJ ^jSJI ^uwill ^ 4_5ljT 

*ljT (jA 4_*_u L»j 4j^bjJI SLpJl (julj. jf Lwjijj <_._* tj_ <jt *J j. ... 
(«J *4jj| jJI 4jjj__ J_l_ L_ *4jT (ja <«_jj| ^ 3 j_L 3j,u_j (j_ j^ 
4jL_Ij Jj f L_l _J_ culji. 4*3_ij *(4jjj_j jlS_t (j_ 4j* Ly _I1 j_? j jjLu 

(jjJjL _*j_j .j_*J| ^Li ^ l^k. Ijjic, _L_tSJ| <jx. 4_>LkII 

Ij^j^-' Neptunists ^j^i (j^3LvL_ii ju_ji L-^jJj^i 

, ( * } ,Lil J_u c-j* ^j^l JS___J 5j>ll _U___1 <jt t-tj 
<jtfj) 4_jloJI Sj_JI j__ Sjlj^JI d ijJl^ jjj-l Vulcanists o*j_>>JI c^j 
lu_ll >Lu (jjjjb ol^ Uijjj . 1827 j_jjj| . (^iiii j, ,„^ti j__b 
j _j i j_l_«j 4jL*ji j__f 4j llw (ji^ a u___ri t>w j| ^ ^ 

4_ljjJ| <-,,»■ J L^jV 4,u_JI 4jL_Ijj <_jj rj_>jJ 4j jrUj j| *<_>.! <%_ J*>JI 
C7— Jj~v>Jl <jj-> *_>.j ^ ^JJ (- <>J "U* |»| jjj| [4I juIL (^l 

J-_ *4_ij? 3U__-J| 4^.|jXI ^jj u f j|jf 4j! jJUjj . 4,u___ j _>U> tf t 
JjL ^L- , I J_jjS__t 3ja__ 3jj_w JUuj .CujU tf j (^j 3_j*J| ___. j_-t_ 
-OJ^ ^d? <ij-_ 4__ (jj| 4_u___>|j 4( jrJjj_* 4_-t (^_J| _u* t( jJuiJ 4J 3jLj 

• LLJI^Uai^jJ t^L^J__ll;j_J_*L JJ4*__jlotfj.Uj*^-i» 

't?J U V0 Cr 1 ^ 1 AH* j_ UOj^ Cr-^l ^P- U-^L _J j Jju J__| 
Lyb t^li 4^Ll ^l (jJjL_ Jl*. (^jt jL 4i_J| ^j ^ju» ^lj 

. Ij^ol Ij^JJ- t> U^J Jj_ JjJ_ (^ 

(jl 4^j_J| C_J__j * JlAUIj i^ljJLI c_j a L_> <L) „U ,„rt (^ (jSJ 
_4i>^*^ <jL_tVI j_ jJjLHJ jLp.jJI J^_u_tl a ! ^ic j-_,t (jjjjb djjjj 
(jjb_"< t ,^; aj4__u (jt Cijjjj 4jjV ^^i-li ^ SLuJ_ 4*.jj J_ Jj__J|j 
.4jUj (> jl_jVl 4j_J| ^j_U ^I^^L jjJL^JI Jn „.tl j_ I j^ <3jlLJI 

a^j«Ji j-i^i ob .*Ljit c^-^i ^ i_,ui ^t j_ji ol oy^ (♦) 

•[(*^>^'] >*^l *L« U|_ia 
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jll^JI) fL>jVt ^ cil—uijU^ <£j ^4^1 ^j* OdU^^J 1 — 413 p— ^3 
J>&\ ji*Jt JjmVi1 ^L ^ J** ^ jj-u**jJI cwj (o>U~J1j 
.gJjS ^ jS U .q 1 827 <Ju> ^ j . 4^j_-M£JI 4*jLw 

Sj^Vl 431 jki. jki*j ^ jJI o-^jbl OJ^ L*>f s >* -^J ' 1828 

JjLiJt JxS3 jJjL-^ JLl jj-***J1 (> ^ ^-^ *J -** ^J 1 
.4j>2J1 «j-uLLuiS SLp* ^Ltj ^UuljjJI ^ CiljJLu, yjt c^aS <jf Jju £jL*JI 



« Ji^» 4SJJJ 4J>U " 29 

1845 .«2ULJ1 dj^*JI odLl>1 j j$iL» ^jJI 

(Journal ofResearches 1845) 


Ij-.J ^Ji 5lLoJ1 ^JjI ^Jjj^mS <yi uJUoS 4% (jjjjl j 

,,XM «USJj 4_u^ jJI 43Lii1jj J^l itf>jjj) 5jj>Vl *j^il <y3 

JL»J — ; Ut ' <<JLJI - <uUl*1 J J^" n, \ c|jJ1 ^cr^l 4—^Ijj JLl 

itu-t ,(1861-1795) jLuJ-ja oj^ 4jUjj j^b Sjil ^ 4_«^ 
^jjj . LojJlu»j ULl* 4J a , m < 1 L ^-u-^l ^jJI ^LuJ 1 
jli^u-ljAj .(1873-1785) 4^jL^ r jT^jj^l^tl^jJj#fJI 
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Cr- 2 - 4j_sj JLa__ <__ ^LaS jj^jj i UwjJjj^Jl <__ JJJ-JJ ^Jaj £Lu! (j__* 
ijJJj'- _4 _>-"-*' jJ^j . 4_tijUUI J--J-JJ _}j_L_> J-~- _ 4____9j ^ f___ jJI 
J-W-t <-<. u_J J -' 5j_L9j ^j_x_ Ja? 4 1 , „ i jj^jj 4juL IjuJj _jU_cL 
4jUaI jf 4jL_ U JS" Jj___*_J J-yt" .*j jLi Jl^. (j* -Jju L *j__> __£> 
4Jjj_a__j ,jjj--_M ^j-* UJla (jJJjlj ^JJSJ .<_-wjJj_^lj <_^U_1 4_Jb_j 
_jLLfcl_1 ^ ( 1 78 ^JAJ ^ j__.UJ1) j_u_" ^l j^-L ^Jjl^ ^J- Cr^- 

<5jLu_ __ud__ 5j j_» <>_ ___£ 4_J ^LjJI JLc , 1 83 1 ^ LJI Jj! 
jJjL_u j_> <jl j__»j . JjS (_£j Uj__jj j__H __ju I . .n . « «> (jj_LJ -K. ... 

V 4_uJ_JI SLpJI (jL 4_ul £___) 4jjL« <j__ o-j^jljl i ^ ^Ju^ ^ 
4_«_,L__JI <__ jj_j 5jj£.jJLI 4l_£_ <j__ (^^lstjJL _j_J 4J ^ ,„ ^ <j_j 4_i_>_j 
J_1j *4_JU 4*1« (jjjj <___! 4____VL 4J L_" <j-*-J1 _>-* ( jj^____'l j 

UO-J _»f J-*-t 3. n1r>.1 Jjjj <j-> *-t VI ,*___■ ___ ,11% _j jjjj . _ jJUj 

,4_4j_i__ 4i^s ^Latl 4j j_u_J J_j 4jLu! j_a J_Vl <___, |j__l j 

j_*J Ji*J--u 4jf2jjjj__tL (jj_ L»j_ 1831 j-UJ1 < ?inr> jJjl —ri^lj 

(jj j (^i 4j_>j__ Jj_j ijjjj jji-__> 4_.il j_ __JL_ _____ _?j-_J1 ^jJjj^JI 4jL_L*j 

(j- Jj>U_yi __ic 4*_ijl_ j_i_. 4JL_j t_JL__ J_vjj ,(j,.U 29 <-_ O-jU 

(j- 2j___ 4_Jj _-j_U J__>. .-Jj-JCu *jj>. t-CJb ^Juj^iJ- ^-3 4jft.UA J „,-*■! 

4jj__J1 4J1j^_yi (> (1857-1774) ■-■jjbj:j-: "b^Lr:^ 

4JL-jJ1 J-t_Jj 4 (<U_J JuwtJ (jjJI ^LjJI 5j_ (J_LlLoj Ljllo 4_m_I j^Lilj) 

ciU (___. 4^L_____I 4__U_« 4_»j (__!} ^___j (___J (jjjjb jcjlj JIj-wjV| jL 

^jJI «^jjjli^ Cjjjjj C?-i^ 2_L_ ___»_ «JJLjj 4nn,,.T1» 4_LU1 4J>U 

4____ C_3jJ1 (__ _U_jj 4Jjjj_J1 4l_-jJ| (___3 4-_____J ^jU (j_____ (j£, __3tjj 

<ej^-l I^jj^!^ L^jJjj-^JIj _.tjjL!l ^jjLUI 4___ljjJ 4__>j_UI 0 ___ (j_4 

4_s_j 4JUij Ll_sj? jj_ 4aJj Ju_j| ^jJlj '(jJJjL |«__l jJ _uJ_u_ £j__}|j .4__>l__ 

a^l __^J Jj .1 jL_i.VI jj_ LL_c (jjjjb <j_L ^j .4j_>j__1 ^ (jt (__J__ 

^->.1jjj t 4____J 4x_sj__I1 ejjt, j_» j^_«j (jt ___ 5ja>.j 5j__J jj____ufc j___ jj - 
(_s-lj__9 (_- 4_jj_ (__>j t ^U_jjjj (__ L_-j___i J_j_uJ i_jL_jJ1 (j_. 4jjus>__ JLs-l 
---1 JJJ_ ^JULHJ- uj M '4__a____Jl __>L_jJL1 OLUj U_- 4_! JLjj . _Jjj_u_j_>* 
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3ljL_uJtl f.J- (^i^. 4jus J*Ujj <»'*'*'} 4 AlSjta *_j! (jjsj <s.L^>.jJl 3jl — uJI 
uu.ii ^Uls^l JL_u1 (j_. ^jj-** tyijJ jt (>» 4JjjkJI 4_»jJt *L_t 
£_JU <jt Jjjitl .Ui,JI IjLA (jyir. .4\iji_Jt <jLj£ ^^LjjJI 4jll_j 

<jj_j (jt (-Uu 4uJ1juajV| <jt j__ >Ui 1 j_> *4_lUj 4_JSo Jl__*J1 4 tnU^ 
4^1 .*:.<" . .N l 4_*JI 4J Ijj-^^"'" ^pJl ^ya j_J| j «*Ti . ..j ^jSJ LjJtj-a Ltj i U lt_vL 

J>U. <j„) jJ_uu- C ji-I UjlIcj .^JUJI Jj^ (Ujjj) 4_uj_>JI Kjj-I ^Jl 

I JLxlj (jK £jj£_*oJ JjLuuJj . IjliJl>. IjJJ («__VI L-iLu_4 (jJJjl J f— uJ (lJj-CjJ 
ctjjj>.jj jjLuujj (jt j£3JL> JJJ-?- . JL>JI (jJJjl J (j^Jjajljl *L_U~->t <-Jj-^ t>* 
_jjj_*.j1 du-p-j . }Lo_> 22 (-jjuIj tSjLui — ui <--iL*jj £jjt 4l±_ ja £jj\j I j-A 
3j_C-Vl J 4ju1jJI 4jejjJI £jjj _L_S *LaLc 3j____, (_-jjL <J-"J-*j1 jl t>° JJ-_»t (j-* 
L* j i**j *_jjj_jjj (jju—uijjja (jjuy» (__~ 3jJU -* j-4> 4l>. jj CulSj * 1798 ^L*JI 
Jajlj 1831 ^.1— Jt ^ Q-> OJJ^ jjJ (j h_i . .nl jJa C-»t _-4>j t 4J_ u, 29 

Oru* 4_1__ _JJjJ .^SLUt JjJLxu,Vl (> 4jj~JI 4^L_uJtl -_-tj_>. LSU^i 

(jjjj jJI jjjj jJjl iu L_jt _JI 4j L£>j-« ^Jjj-u^ ^-JJ 3JI — uij t-JjjiSj-U L- (—■"_£ 

4-__u <jt Mt^tj *^t jadVt I JLd> I jJS 0.U ..>t i4__*.jJl <_-_J ^ «J i lnt l C_vLJIj 

j j« tfj-*--J - <*f_-*JI j--1 uJlj l__j — ...Ijrttl Jui a . (jJJjlj JU — uJI 4Jj_j 

. (#) 1 JLlt _JJj JjS L_l_j <J Lupt <> ^jJI JLl JLS)?I J (jo/U^JL 

J^jjJ^ MrtfiiTl^Lt>.j 

(jjUlJI jljj^Vl J— ^ UjIc lujjuJI Cjyui (_^_iJl (JjIjjJI (jAaj lJI — La OjL^ 
4i>.j iuulL£s Jjnj ... ^jJI) djjl UJjt . J*jj 4ij<i ..ill (jLi eJLc (jjjjlj jjJ-J 
(jSJj *4JuV j^T Ldjj LkLit* *JJ-^»J U cyi^. o^J^' M '(j-tjL_uu (__J~J1 

tiJLA ^J .*_iVl ^L-i ^IU" ki! (jJJjlj jJjl — uiJ p£. *c/jl-tl JJi^^ *Ll_u.J>- 
^j (^ltl i2jjJaJI ^JjC (jlsj-kll ^j-JI (^ljll (_o_La J>.j jAj) ^jjjlu- I — uajt 
jj^iVl 4jJL^j (jSLa! j_<Jj t 4jjl ji jjj 4_J_ (jjjjl j (j^j_ ^jj_u_j l__> * L^J 
. Lj_« j_aVl IjjJjj Luj ^jjjuAj (jjjjl j JjLSj jl Jju 3 — ui^Lu. ^ LAjjoj-jj 
4j>_ Cili 4mA... t-Aj * Jjuj 4nrt .r.tt l-Lujjj t jj^Vl 4jj — uu (j^Lat L_Laj 

•OjLh lH (J-I-jjS^I (#) 
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l1ij_*j[j i( IjJLa 27) UjL3 90 (^Jx. Jbjj V UJjjU jl jjua 
LLuJ(jjxjj. j-*jJ! (j^ (jjj-iijJlj SfJL*JI (jJjljJ jJjl — jjUelij ^J L*lu*1831 

l ^ik a ^pJI (jji^-iJI diljJ — uJI 4JLjsj Jjj-dUj ^ Jji.jJI ^yJJ 2L>-Lsfcj Lla 

jL 3 JJ JoUj £_uaj 4_4J (jSJ t ( 3 njrt-sl l <___. ^u-JLJI Jjj- CjjI j ^.jJI) 4_JLa- jJI 
Sj-UJ! aJJt Jlj-Ja 4jL-ja (j-J-p- (jJJjb (j_-i-J ^ < Vj? . Li_> 1 — 4ji>j (__]__ (_____»__ 
4jjjjj>J1 L_Jj_4 j-tt 4_Jj_a 4jM i* <7cmiI l_.L_ju (___. (jlisul Jj i-Jt (__!__ 

i LuLj .4j« <hjJI 4_vl <_J.1 JUcl jUuj (___S 2 tj . r..* 2;^ ...] \ \ ^' t ^ 4___>Lcj 

L>-L (j-uJj <L».jJj-L>> l__vL -jLlcL 4j_JjJI uLl __J_M (___S U n>| -l ...^'.t -JLlo 

IjjUJj ^-Jj L$J — _-jl ^-jJI (_£>>Vl CjLluJIj *_jLjj__>.V| Jj-___u -JJjj *L>jJjjj 
(jjjjlj <jiU i<j--U 4_>.jj Ujii j (jijuj 4jljinn* ^Utn Ij-p-t «Ujj .2U_>.jJI fL_M 
(jyJl ^jLjI j U ir> _Mj (__-__>j__J1 (_t;Jua 4jJj£, j-L JL$_!uj j_u_> JljJj 4jjj>J ^Lluh <J& 

oLuls Sjjj-3 (Js> jUJLl (j-ola^! (j__>j Vl -J___. c**i_jl l__jSj (j-*j-/1 ojLoI 

Jajj — <-JI £tfi {jH^ J- 36 ^) j*!j--t SjLC L^LjjI iLL J_2j l_o_*-J (jiaj^l j (_-i_- 

JjJ U-Jj Uj (^jJI jlSLaVl j^Jj LuL^j I jJhL* IjuSIj I jjb <0 Ijuj .(^L___J1 

JjVl JlLsJI Ajla J*__. (jjjjbj? j^jJL jjjLkj .«LxjJjjj>J| ^jLa» 4jLjS* <___. 

ULj ,4j_)1 ,*,,<-, ,,V1 SjjuJI *L__t ^L-JI jlMI 4iu9jj ,4___ jJI *L_? M bSJI ^ 

jJ__JLj;1836j-LJI JJJJ^I J* IjjUJ| ,-Jj 4jjjjC (joJ (iJLJI jd^Uj-Jajjj 
4jjJoJL Lst^ulj LjLuj (jKlajJ.1 ^j-4 ljLvlj (jJJjb Jjlus! ;Jj-J ^Lua jJLjJI 

t^jJjjJI jjiojJ! jt — <iij ^jISjsI jjlaj Jj^jJI *>jj! I j^J jlSj 4 4_JjLiII 

: JLfl cjo> 4jL>. jJJj? J$ (jjjjb 4Jji jail L jA I JlAj 

Ob ^cW ij-* ^Ljij (jwa (jjpS - (-Ju-aj (jtSj L*j| j jji j/| 

UjIj Lj jgj Ij ...LjalS' j itj (_yk: lLUju l.t.t jaf pt '.< 

<jf (_ya JjUjj (jjjLJI c-jLSJ Uj (jjJjJL* (jj*j 4xjS ^ac*\ (j\ 
/*^JjjLSJL (jJjuSlaj (j^Jt-Lc j-ui (-ibSJI Ijuk 
*4j (*li*jJ (jSJ joJ jliaU- VI jS"mi! t^J-J (jJojJI (jibjl (jJJ (jjjjb jLcj 
*L2iIL ^jLuj . LJajJlj 4j*4jJL Ijjjuij 5j_p. i_j^I (jjiij ^jajLl LlJL ,j jJI j 

er^J »c>SR->ljJ^! (jnjJwLJ! (jj» ^UJI ^jjseJJ JL& 4-4 Jj3 (jj jJlj t 4jjiij JjjJ 

•*6dJt)L 9 -ijljU-* U^jV>" l<j'0'rt" ULmij (#) 
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\^£Ly^yi (jjuJ -_^jJj_j_*JI 4 tnnjM J_-*J 4j-jj ^JJi * 1837 j_- jLj 

4jj-*_»J1 A1.ir.Wj (<OLvj CjL-I --jSI ^t) <-L-- (^jS 4al_-l — *JI 4 uh^l l 

^j£j-_-j ( «uJ4jt ^iSjL^^I^I^^^^W^jj^t^ 

4.\iVi>i i_£J-ll 4 u.rt\ f UJI jAj il839 j-UII Juu _?) tjl^P^ 

O^^^.l^^Jj^^L^^jjjjb j-$i^1j.(UJ }L^j4j<lU.I 4jj_«->JI 4_c3 

4-L-t___» (jJJjlj oUjj-_-a Jjt <j^J * (J^ 4j 1_aj___« L_l_" £-J-~->t U 

<jjjj|j <____■ ^.Ulj (Journal of Researches) 4__j_J_J1 __ij-_J1 

.4jj_*-J1 c__1j_>J1 <j__ (j:jjj-u-> t-u^ Uiu 1jufc <-J_-jJI JM_~ 4 TiU.Vt f <j-_ 
tjt j_i_w <4jUcjjj (__!_. I j l V« <* <J-uJI o-* 4 " ' ^^ O-Jj' J Ls <J^J — "*J 

4J ^-.j^i («J <___J1 tjjjjjj-» <_-U1j_J1 i-.i.n) 1839 j-UJI ^-j-w £->jf j — <-JJ1 
Lpi^^^iiiL^u^ J^J^J^(^ jt<4jL-__J M 1 ^^ 

<jt Lst___l J |JL-J (j_->* -w_M (jj* jjLflJ (^JjJJLlS (j-o-tj .c_-5tJ U_? lj— --> 

*j->J1 (jj» j-uSj j___jt UUiaI <_ajtU-_» c_»--_J1 (___> (jjjjl-u (j-aLsJI *jj>J1 

<_jL& <__) (jJJjl JJ (j->L>Jl *j->J1 j — cV> JljcI U <j_C J — _«J <J-b 4j (j-=>L>JI 
. «Jj_U 4-U-).l.J1 4i_-j» (jljic CLt-NJ J- 7t --v9 

t (jjjjb SL_- ^ o1jL_->->VL Ljt ,„«j U^ UL_ 1839 ^Ull jls; 

-e_yudtj i«4_Lpt___J1» j1jL-_>) J-$-_J >£>J^£- (j-~ U^M-JI J-*£f ^LJl 1_Ub (__---_ 
,-LJI I _Lfl> j m«jj . J> JJ^-JJJ UjJ «Uc 4jj1 --jjj U£ 4j_-UI 4j*_4_*-J >Uoj 
2L_i1 ju) 4_>. j-4 («u-t 4jL JL_*j Uj_j 4-u-aj U jLL) (__£ L-ajt UjJ* L-j_i_> 
(jJLlJ 4^j3 (__!>. j 1836 (-UJ1 J-JLu 4nrt ...11 4l_-j (j_o 4jjj-. jJU 4jj_C_ 
*_L_> J>L>. 4jt JljJ * 1842 j-UJ1 C*J-> <-_» 3JUJL>JI 4j j — _ut *jl j.rt" .. .Ij 
LiAjj L_ju-_j 4jjjjt __J1 (j-sl jj»^M (j-« 4J — -aL_u (Jja ^-jUj Tjb tilJ j_t* 5j___J1 
-e-vj Vl (jSJjo^ (j-c U- 3 ' J- 4 ^ 1 ^ 4S-JL JJL*_J ^Jj .4. 7^.^ ^ 

(^.Jl jJuJ (jJJjb OJjjj .4^lj___-_'- t l 4ftUU1 (__-i 4jU->t (j^j-* 4_*j_j U_t 
cZiL1 jU.^yi jA ^ <- ux , J < Ij-iUo) (jj) 4jjj__ jj) 4j1 JlJI J& jjHlJ 
«(jjj^L-JI» jLut (jji jjjj_w>U->yi (jL^ i*jJ1 _CL3j 3j_iL_J1 3 n» l nJ l 

JjIJJ ^, Jt Utt jjjbllj L^y^t t> a iJ- J, <^>*^l i-us*-_» :^L-C a Aj-r . nl l ulj--^ (*) 

1832 ^UJI cy ^jsj^J^^ «J*y» ^l L«3jlj ^-Jl a__-jat 

...1836 VuJI 


43 


1*» 


•l )V'^^ lAh>J' m <+ju3l*}\ c._ jJo <__ (jjjjbUaij (Chartists) 

t__> 4*loLLa ^ t( jjb 4jj_9 iL yjj\jb (jjl J (_Jj (jJJjb 4jjL__ ISmI j 
.(^uJ-SJI 4_<j__J (_____ C-juJI J_ (jjj <<jjlj ^yjj _Jj JUu 4jj_JI f_J j-Juj) 
4_> l£j_ 1 dtJUmaj (SjbJUj 3j.j» i ii 4-o.jj 3L_*j Ujjj jJjLuti ^ojuj 

L->u1 U^j! Jlu . U^JLi—l (jx JjJl_J Sj£iLJ1 3L_>jJI 1__j ljlj-« tf_ijL_j Jl 

Ujuaj A,tua't\ (^yjjj (jf ^ ir>tj ^l__< ujI j .SLpJl Juj_ 1 jJL jj^a j_j_u_CJ| 

c*Uj . 1914 r ui ^j 1839 f UJt (> <j_cji Y LJj . Ij^o* 
< fc jjl__t 45Mjj L^jVj juu ^jj) ^jU ^ ,(1851-1841) (jT ojuu ^ 
c__uljJ1j .(1912-1845) jtjj^wj .(1930-1843) L-^j .(1842 
.(1943-1850) ^LJjjJ Jt (1925-1848) c> .u^>j 4 (1926-1847) 
j__JI s^i Lj^j^j. (1858-1856) jJjLiuj (1928-1851) ^Ijjaj 

<«^ljjVl J_st» cjL-C jj JU_> Jx3 *->}U- (jl£ j| <jLjJ 2_jj ^^Lw ^yieJjLi __J| 
4_ j__- (j£. a InUtj U-« .Sj jJI jLL___j| Jju U <__Jj }Lj_ j 4j J_«1j 

2j-__^l sU- <j_U . 1950 ^ 1850 (jjS jMi- ^O-JI jjJu fc>> ^Uj 

jJjLujj *J^"*J ^ n 1 > ^j ^** ■ " a a tX\~K [ q *, a ^Jjljj La V| . Ll_> liiin U '** t 

4jjJ-_» 4j__>Ls_jj S j a U I (jjjjl j Jj g-K jA LlA LLujlj U jl .4J_L_I <j— jjjIj 
• ^yJUjJaJl L_i_3fc_V1 <JJjJ-> (jj& jjJ— _H 

*_;ij_-_j u)ilV<f»J (jJJjb 
^■■jjtr-iTl Lj|_>__¥f (jjjjb <j_£ jjlaull <j_c 

(^t (L_ut ULiij J— fJ jj) 4j^-j (jva 4jjj-_ C_j (j__jjjb JlL_jj_U(_J 
j_ul_ 4jjujJs 4jJI l-_L-__1 (_y4 jjtUI JloJ Lujj .4^ji>. jjUltl 'A.ft A 
|»L>JI tjJJjlj J^lu<l . jjJaaJI j_lujJ (JuS' jtxojJ 4jjJaj jt ^jj^j <4au1>JI 0JJf> 
jjLjJI (> ^ jlSL_fl! CjJl^j-uiI j ( «^1 jjV| Jj^i» (jl jjju 4_Jil jlCju Jjl 1 837 
Ljr*^' ^^3^' O 6 - dbi^ 6^ UJLu (_>-»_>. j (_,<nVni JS! uu 

*L>iVt j ^U-Jl *U3VI cjL«_uo! (jij jul jJI Jjl>J1 <*___>. (> ^LUe jj_ L^J 
(___ 4j__uujj 5jj_w (jjjjb LLij , JjVl £_JL_J (Catastrophist) ^—jj—JI 

(j_UjJ JuJtj j-fl j j^inl l ljLSJI Tjj3 (jy>. i4jvtjj Jjjji * 1838 (Juj_>. 


44 


^UiS Udl JLL.» <jlj_j (1834-1766) ^j-jJU 
<jj_ j__Vl Jjt jjl___ (jg jlJI (Essay on the Principle of Population) 

fuX4j^jJt!) 4____L_JI 4_J_]i Ijj} (jJJjl- <j—J '1798 ^UJI 4j^L_ ^ ,„l 
4,. ^l — j- Jjj-— <J ^JU^jl»^ ___ l>*J- <J-"J— IU (jl —JjjJUj .(SjJH £ jj» l^i -*.[__> 

j*__,l 4__ j . _«*__ 4JU_ *_>T JLuLt Jj^l v_Tj . 1 788 r UJ1 UaK 

£-u»jlj .^ - t- Uu JI jL___VI ^ ^LLajjj jLu_l Jjlj _U_uj_I ^JU-" __j JUu 
J-4-JI <_!_■ SjJuUi ^ujJjJ *j — _uJI (jl_ — <_JI p^jA (j^J *<jl_ — wJI (jf 4j_U __3 

i4jj_ (jj__L__u Ljplju 3jj_ J>L>- (jj__^Lu_u — -ujej 4j _<J__ 4_j _u 

C_j 4jI j^jJL jjj_vj . I j£_j t4 ^uj*j>JI < _£l 4jJl_JI 2 jJLaJI JMi- 

J£ JjuULj (jj— ?, LuaTu 4uJU_uJi l^Jj-<sl (jK < „ _ya j <^< Jl jl£ | Juk 4_Jjl 4"nh^ 

_rO*jj J-" (-£>— <-^JL$J1 I J— - Jj,u__J LjlLaja (JjijJj *4Ju_> jjj ___j (j_-_- 

JU_ _,lc (jjJ-JJ JL_»f 4jujI 4Ji__ 25 L*4_jJLi JUC j-L*J1 J__jjltl ___ (jLaJeJb 

4JU_1 4iJf (_,__ 4ll_>. (jJJjl J SjujiI 4jjj__- q\ mUj t25 <j im __JJ SLpJl 

. Jaj-uJI Ijjb £j_s-lj_ (j^JUu 4jjj_j 
JjJa t>l — l_Lu __ul __!>. - CjLjJlJI <j_c: £jj J_ <j! j_J 4 „j,,_>JI ____j 

£jj J£ jU < LAjjJu CjJ — II jjj Cij<iij 4jj jJI (j-4 J___ L_*jjI £__! — 4 L_J1 

(jjaL» 19 jJLp 4j___ 750 _£JL4 <__1_ 4jjj g__f JL__ <jj_J JjVl _l jj_M (j-™A 
^jj» 4_u_j jJuJI Jl>jj Jljj-* 4j! t_y_j_JU JL^I La^ Jrar.iolj jJUj <jSJj . jL_ 
j^a ^lILuilj : 1050 ^LaJI CjjL^ UJujs j — j_ (jjil—l (jj-— I ji-ljl 4JuiJ1 
U5 i<_j_UI OuIjj>J1j (jj—LLaJI (jLjj l.j-a-j^j 4jj|5LuJ1 oL_vae_1 (jl _Jj 
4 uu JLi ujJjj>JI _J j£j) 4ivLJ,l j»U_JI CjU^S' 4jjjjL3ej» (j— Uw 4>.jJ l^-a-jd 
(j-« J__ (jrtJul ^UJI J_uijlll (jja OpljJ ' rt-L^J £jj J^ (jf I JUs (jylt-a . (j__uU 
t_ JL>. U^ i LpjUt", miV 3JUJL>. (J— Ijt jj— Jl « 4j_L>. Cj^U. ^ VJ t4Jjjj 

(jU (_yLxJcJl l_ljj*ja ^ 4ji_lJ_JI CjjI — _ Ijjj .4-JU mtl LCjj-aS/ 4j _JJL> 

. jj_u (jjjj l_j_I 4jjjJ1 {ja (^nt^tll 2UJUJi 
(jl Ju£_ (j^ijjJU ^j*j>. j Mi<r. £_oLJl (jj_l (^jjs 4_uU_JI JU»j ^Jlj— Lurij 
J\ lj_j . J__l l^JLa 4JUUJI — L-l-JI 3 j^_>. (ji , , „,^,„ 4j j jull J,j^>JI 
(jjUI JULVl JJ— . (jj> Jujjo ^-Ij (^Jjlui 4 . — -_L I _3cjJ_ (_3 _ j! m <<i->u (^? (j| 

-jl_ ^ji-t Laj^ 4ju_ j& j_jli jl»»: oi 0^-?' <> J'J«^ (*) 
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i__j__, __Jj j_t 2U>-L_JI 4jj_C uJI SjLjJt j! (^tjiUj ._>L__Jt ju_a __L_ jj-_uj 

jjjU» jjlUj.» j_I_JI j_4 -kjj-t^ c-^H} ^ * L_bjjj____ (j_SUt ^-jJI -Sjljll _LuJ 
j_i_ « 1838 ^UJI l-ljjJ-. ' jJJjb j__ jjuJu jjj jJ-jJLI j-S-oll 4JLv j-<- 

Jjj_*j <__j_i" » JJ 4_tjJ___J 4-J jVl j __.LjJ1 J_>j LLA La J . 3jjL-v- 4_a_j_i_ _, — !l 

J1<U jj-CT 4__ JLI 4_ij) <W_u £j_Jt «iLut jrU jiL-j-J <Mj--_-j t(_j___- (U_<_"> t jjlajJI 

_l j_Vl j__V ck^ (j_l_C_JI) „LLJI j (j_lS_Jt j J___,L_iI __1jj__ JUJ1 4t,,U. 
^Ua _j j__J ^j^L j! J__JI ^L-UI j*j}Li ^yJ -t- cj £tL_>Vl) < jnCill ____ 2jjl_ 

.(-UliJlj _lj_--lJ (___lijJl (jtIaIL _>-J-J <4tUrill jjj_JI <Ua-~t 

(jji-jjUI .-Jta- 2 2u!ij ___ jL£-sVl aJl^J I — e-Lc lUjUVi jjjjl.. £L_ju- 

L^isjjLj 4 man --ujtj 4____d 35 jja 4_LujJI __J__j < 1839 ^Lu L^seJjL 

jt JjS u «jjUtl -_jL_*j__M Jjjio j-_ jjiajJI ^jj-Uj c.U^ lj < 1842 j — _>j 

(jjO <ol__JI ftjL«jJI j_« jJlc £-a [4 — _J_-Lj <<j_jL-> jjl J <_JJ (jJJjb J-fllL 

.(Jjo! 4jjjtj jjjjl j jjj« — <_. __JJ _£_! Uja (L4J j-Jj-j jJI) JjjJ f fl 'JJ 

JjuaJt Jj j_« LfljS- _U_J t(j__*>jJ1 j-« <jJJU-J 4j j___ (jJJjb 1 .1 T^-J 

t4jaj_li1 4o5bj util <__Aj (Lnjj 4_cvjj t. V _^b- <4jjJ__JI «jljj ^L__J1 

4__L__j f LJ1 4UUVa LJU_; jjio 1844 ^UJI <-_ 4_t f__jJ1 __lc IJ-A 
L^ iimj t4->nm 189 J_*- ^lj <ZUl_ 50.000 4_U> 
3j_> jua («-* 4_iljj| <U.»j L^_j_j 4-iL*j« 4 1 njJLo jJoL _}jS_ -ij_>Ij J__*j 4J 
.4j_9j Juu Lkj__j L4_~ U>.lj Luj (_JJ 3j-t_j_- 
4jj_JI 4j4J_JI (__ 4j| _JL!_ . U_UjL ^ r.nj (U -^jVl ____ 4_J J___U jt 

(jjjjb u_L__T ( 1845 |*UJI 4-jL_ _____ ijjJI « Jajj 4_j__JI 4J__j» 4jI__ (j-« 

.oL*_u_JI jru uJL_tj Li_> 3j__jLHI 3JjJ_>JI 4_uJjJI S_UI j-* I j_u_' ljJ___ 
4jjt_U jy_v (j__A _jIj___JI JUJ_*_ jj — uuJI (jjo (jl jJJji- _jlj___ — «_>jtj 
3jbJ_»Jl SjUI (j_ Lc^ji-t l_J LuJ U_ot Jl_j t_jj__i. % U-_Ij_-J (j i"v<Ut t 
J_J 4_4_T Sjjju- (j^aj-*J jlS__J VlIU» J-i — 1_- L^jL. (j-uuJ L^-u-tJ L_L_-JjJ 
_UjJ jLp.jJI jj m^tl J .^^tJ.Utt C_._*_-VI J>U jj» JJ___I (j_- OJ--3 

(j______ jt jJ jj .43LjJjLj iujLSJI JLp.% Ul_«i j_? jjjjl- jt j—a 

(___jL«j_h1,I J_wf^j\_4JC^_C*JL>.ljiJ_(_it»j_^l_^^ (♦) 

.J__*J( — __1j_— > — ^j3_ 
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JL9 4jf (j-l < <<£_u_JI» JL_Xt I jufe jljuj 4____jj 4jL_> *3j____I1 ^ylj Jjl_>jJ 

t(___*.jjjjj «*JLc <*_uil 4 — ujAjS JJ e T u jt 4J J_u__l _J1 (j_* (jl Jj--J . -Jjt 

<>- JJ-3 U 1 j| Jjj--IL 4Ijj__u 0 tn VI jf j__>f £-*jX1 <jj> O^J — l^J 

j juu) 1846 ^ LaJI ^ J**J1 Ijuj.cjLj^^ Uj_____i __*L__X1 4__jLii 

-LuiljJU 4___C J^"(rnl J i(J*JJ 4j-Ld.L.JI <jU (___C (ji-jJ1 4jJjC (j-4 CjI jiin 

(^ I, U"ita (.((Jj__jj_J1» ^ — ujLj 4j3jjaXI 4\jj_*jJI CjLjj-___JI 2 .^jA" 
<j_U-J . 4jjjJL>JI -_Jj-«t (j—__ 4-L^lr. S_U (j-a 4j_U jJaljj U <__ic I ^la *j_v 

IjUij ol^ * 1854 f UJ1 J^l cjIjJL^ 4^Mj <> L_>Li_-<ya -___.1jjJI jL-__>. 

(jyj^ <j_- jX1 aJLA J_*j iJL*J,l I Jub <__-) 4j_jI — lju Sj^ji 4J Ci — ouJ J_vjJ }U jua 
<<& 1848 ^LaJI 4_ut 3_2j Sj_L_J1 aJJb J>Lv ju^i 4jf (jc >L__fl iSjjj^ cjL_j! 
*U|jlJL| IjLA^jUol^Jjr' ,„|j t 1851 aLJI 4jjJSjj5Vl^T4jUj|3Lflj 
.Citm.U (JUJ Sj_U £-3. jl ^j 4j£_U1 4jjuu»J1 *Lj Lg__j_JL_ ^l 4 j<lt,l 
4jjJ jjstjJ (jyJjVl 4_u jXI (J-a CjLjjuujo ^JL*£i 1 Juujm 3j-a JjVj 4„_-l-<I -e_L__4j 

Jlu .<j__ajJL Ijthtj 4.Lual1 4 — jjj__ ^ljj^l jru <_udjj| (jj1j__LI Jjsl u, 

JjJLfl JJLC ^UJJ Juu (jSUj ,jjJ__J| (jn £<j___.l j___j jl i_j JJjJJ <_,__» L> 4j| 

< irtirtlia (___} fju a>JJb 4_j__a ___4 ^ — u__L j-a-o CjLuJI *1___U_»Vl (_jj_s! qm 

L$_wj__ujj 4 -lUj JI 4_oLj *-}_i_>ij S-iLcj (__^ j — __c j___L-JI (jj--J1 CjL-j _u_v>. 

(jrutlj-Jt (j-_jaj Llc Ui«_-b I — jLj_T ; 4_c.j__3jXI ^.'(ta.^. c-l— l<_>. ^jjjl_u L> (___i 
(__IL_J j£» Oj JU» 4_jjI jJI 4jjj — ui (___S JjJ-Jj . 4j_ajL__« (_$L) ^jt-Tt (___J1 4 p-r <it,1 

(j-«j *(_-j1j_?ju (j-* 3Jj4XI (j->1j-iVl ^jtsrd _dJj juj L»j (1854 j - ■ 

4_i_i l_JjSL__XI (j-a (jL_j .«^1jjVt Jj-*-u (3l*-j U JSj t(__JjUoj tCy j1juS»l 

^LtLI *j1_l__»V j-_a__»1 4__CJj '(jjjjl j SL_w (___» jjlJI l-iLlCJI 1 ju* JL» ,jjj (jt 
. t^ (d(ii Sj-C-Jt (_;-!} jiwT L-it.jjjiU ^JU Jjusjj UjlLc 

(j_jVlj J^uj JLJj__J1 

(___» ajJLa JlssjI Cjljtj iU ^cJLc t(jx.V1j J __j J-jj-aJI jj_> jivV1 (jl __jVl 

jj-*J1 1858 f L*J1 (_-_» () j~*£. (jva (j_ulV__J1j 4 (« ol ^l t ^JL t(__j___aVl t jj j )___J1 
0 1ji^rt"l1 jLL_V1 cjj,r*I(.-t LCLaj < 1844 aL*JI (__j3 (jjjjb 4jLb ^ jJI 4___u__j 
_>-V1j SLp.j Sj_uijX1 (jjjjlj 3Lc- (jru ^Uju» LjLj L___t_ij .4_ujj__xJ J^LSJI 
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-^_«jj Jli«- jl j^ LJj j_jl».j <*L_J1 cM u~ ^b-^W e_- ._Vi l <_p — 
Ijj i<^rt4 IjLulj I jf__ oj^ «jt ^ ^ ok^* --- c*- <- J - 1 <jt ^_j_ 
1823 jjLj 8 jJj (JJI ujj^y u---1 ^W- 1 * W u-- 1 - 

& _~L-I w _ I j_j <( u Vl cJjj_) jjL_. i_»jUij* 4_LI___« <-- -L__jt 

*LiVl cr-Oj ."L-J-L JJA LlaI** *Jjl _)-> J^J <4jJ_C 4j_LJ SjiJ 4*___J <jrU 

1828 f LJl 2j^Vl c___1j tf *_ cr-L"^ 

_jt__ ^l S-JJI ^j ,_jjijjL_- Oj J . " ...I fu ( 2j-!___ -j_J u_-jjJj- 
jj_* <__JJJ 4_Jij^i J_-lj JJj__1 <j- J- <J-Jl — ufc Jse-Jlj • _-_J--1 ft l— fc|_ 

c-is j_>j 3— jJI -Jjj __!J jJ__- 1 Juj_Jt c^Jj iSalJL 4-_jj-_J1 4__.j alL 

4_u1 jJI 4jj-u_u ^J* (_>-/Vlj Jj_jj . 4_jj c-^J ^ j-*Jl Cyk Sj____ 4__,1jJ1 
I j-«$_- <L- Cij—jI 4__-jjdl <ji «tPW^» U*J-=- 1^05 <-LJ1 Sj J ni' t l \ 

lC^j^jI-iljSj^l 4_J 4_j-_5_4 \jj&p4*i Tj-4-Jjil „_ _ . - > 
. JjjijjU ^ 5 jJJLUd 4T.< a jjJU <_>Vl (j- L*_-J 4l __*-ul —II <___J1 

;(3 j__ 41L.J <> J*__IL ___ jJ. <j_jj1- 0- L_-j) 1837 j-L_JI 

Jj^JI 3Lp- 4*JL 4jlL- JL>.JJ .j-LJj jj_-Vl 4a_-l £A L__L__« JaJJ o-V1j 

JUcl _*__. i-.rt,^ ^l jji__J1 oUJ- <>- 4__U1 _ij-Vl 4jj___Ij t( 3__J1 
^pJI oLjj-_-Vl 4_«L_-I o jLjI U- *Jjj__JI jl^wj 3L__J1 j-_- 
>L1__ -_-L_U Ja_ ^ __Uj__J1 j JUI 0- J-5LJ! 0- u^j • 1 
Uj ,oLL ^Uo ^jJ Li^a IjllJj j J*- U oUj-- -UjJ t __Jta__dj 
oLcLJI j_.U_> U V _4j__- frt -_-J V ^ J*_1 1 j-sj J*_j j_ 

-_»L.„.,..ll J-4-cyJj 4a__ ^Lc lj_jkj.4jLpJo' jijj ^--Jj (jJ-I J- 5 -' 
^Jj t jJ^ ___«J o_jVl g-cLjJ t>*-> 3jJ1 ^J-a uUc 4_SJj ^L_Jj 

LdJi Juu jj-l 4____J ,4i ...L...11 jDMJ jjJl- ^l dJI Ju I -^lj ^ J_J o_-J 
^u-jj ^LJI ^ J_J1 J\ L_j1 ulj-_Vl Jj*-J . { * } «u_jVl Ibj*** 

L*4_l 0-4 ^jJI JLi L___-L>o Li_b- U^jt jjjjj iLf——L oL^.^"»H 
UL__»1 4i jjuj 0- U^jjJ J__>_ U <__. 1 ju-_-1j c3jU-J1 0- (_r— * ^jJ^ 
^JUJI 4__-_IjJl. j__n ^ Iju ^l j Joj-JI u,- j-*I o- _ _ - u-- 4 

3 ci_c^t*s J_C> £j — U_C iciJJ ju 4__L_-J1 c__CJI -#i1 j_j u «j J -J1 

. 4jjJ1 jjAjJI u- 
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< Jjj-dJl t_iVl 3l_j £_« d843 j-LJ1 l m f ii t "LoloJI fL_l *Jl_4 C_£->1j 

<j_L____1 _!___' 4___t_ ___- _j_Jl c~_aj j! ^ **uvL___U JU-.! *L_i>1j 

jjjUoj Jj*u-_ <j_» £j_J _>*jL- Oj'- Lt^ J <" 6iSL)' J U-> dJ -* 

£A jJul ^ jjg mi 4jl__j Jb>_J? <jiL_j .(^yuukJI cuL___l <j__C 4_jjJ__J 

__£> 4jl j_U1 JUUJ * JjJ--> Cll JJjO <___ (J-JjJL L<i"< ~ *(*^W J*^) OH* 

^jUll jjjja-J ___■ 4__jJua (__9 4_ul_j <____ Jjj-_ _ -U (__j_ui ^j 

jl jJujj) jLSLiJ 2L>LuJ,l ^jAjuj *jLL__JJ <_j1 <__>Jlj 4jL_J1j 3*1 j_JI _>-Lj» 

rjT D^l L>-- '^LLJ-jJI <>*--- <_r* er-^J-l Sr*--I ^ 4_-l_u_U 
t-ulj _-lc Jj-a>j ('.'* '"^tlj 4jL_J1j 3*1j_aJ1 cJ-Ua ^Jju j! 4__Uj jl — <_j) 
jjjjatjrtjj 1 _-- jru (jjL-j Li_fle> U IjlAj <IjJLJj1_«i[ 1^j)> 30 ojS* ^ j ' m 
^LL J_4 <j>» jJJjb <j_jjjjljjj jJjL-__ jLu-JI L$--*_J LiJj__~--l IjJjj* 50 

_;T i j__JI jjj» jjj iuJlj 4jjL>J1 j_"l _wjV1j jJLj .cujJI <___ J--~ « -- 

j_>j i£jjjjjw_ jjjjb £j_*_i L-Sij j_-1j <»L__u jjjjb (> jJu_>l -___>! 

^jub J*>_- j_j_jJ ifl A j_J . Jj___uJJ _jL»__j _jT (jja 4_loLc 4_uJ_j j-u_1 
3 y> JjV « JLLo» (jjjlIL ujL_ tj_ 4j| _J . 4___L_- ___- _ru^ LTH--*- 3j___J1 

c-LajjL ^JL. (____! j (o j •< «~ <J& L ui_- IjjI 4j1juJ1 ___ _jjl_j ^J <jjj) 

jl b___1j Ijuj ,(1892-1825) o-iu ^i* jaj ,4_JUJ I ,, .o ^% j LjU 
.jL_j_L (j_Vtj ^U_aI LaL_ JUSu _jIj__»_I ^JLj <_>-^jj ^UiaI 

LujJUi JU*JI 3La- (>* 4_1j_cL) tj-^lj Cj ju_t 4_JjL_, 3L-L» C_-_jj 

t _ > L^I(>j^ r Uj*j--i.!( ! -3j3 1845 jjIj4->c-- _J.4__jjI_JI a^jjJI j__- 

jLutl jJ*> (__Jj_J j! JiJj__ll jj___4 t ^LJjJ 4__>L>J1 jj- Vl 4jj____ Jjuj IL gjJj 
4_JI_-j . jJjJ '_Jj'>- J& '"'j*' SjJj jJju uilj 4j 4J_j_« C~o_i ^-lll 4_-i u{\ 

(jiL-al j-o 4_jMJ1 JL_c _ I (>3ju^_jL_u_i jiilj-J 1jj__^3jJtl *__* Ja___JI 

(___ 4____J jJ-Ju j? ^LL_1__«1 J .SjJ-JI _i_ (___• 4jJljJ->JI __C caJI Ju» 4_j_w 

4__fl(j_u__J jj***L*-lj 4»! j____-!j.4jL_- _--3j_i JjV Ijjj-u> JU__tj J*C 

,^LuJIj3jU_J1 JU-,1 ^ -jjUI (jj-w 4j_-t 3jj_L_uu ^l U" < o lj <cuj (__5 

Ijli jSJj .(J.mjj £-o 4_*>L_lj_a J___j ^ccJuj u tjjUt l _JjLJL 4_iU__k1 -Ljlj 

JL_c| ^Jj__uU (jJ-UJ Uj-i 4jUt t_»L- J J_L>*i*L Juljld Jjjui 4_jJbJJ (J-u^lj 
4_flj_J.__Jj__J1j J3.-1 jj_J(jJjJ1 jljLui Ulu t(j_l__i JUU L_3Blu_4 4i_*J 
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j1jj.4_jj_._u U ^iai^^jjSjUj^^lj^l UK<_j___T_Hjjjj_, 
3>LjJI «__ c-J-c^ ._l_L_J1 4-u__~ LuL-T jljj i 1847 j i j i >. ___ <>ujjL 

£j_3lj *}U_> 4_Lp. j Mt" < ! 1 UUtt « J , u . > j 5ji-_ ^^1 j <jj_ _■ _-— — tj_ 
JjJ-wJ *j--_l ^ jJI j-uu-aJI JL__U ^ (jjo __1 n~i , «VI <j-_*yL (jl _>__jj __ic 
U«Jj_.j Jju _,_sL-VL _;fjj . 4jjjJL>J1 l_jj_«t __J} (j<i»jJ 4^L____£a_4 4_ju 
Jj> _>c (-JluI-JI ^JjuJI JL*_o ^ UdUJ fj>Ln JUI j-SjJ -_•-__ ___Jj 

*L___1 3lj_t (jja jtLjj 2*lj __i_-_U-J _l _ L^juJ 1__L_sjjj <__!} cjLuc Jl t_j} 

Luj^- —J- J____J1 £>-jjj) U_ta jjjj-wj^ [*j_j <( *$j 4_>L>. aL-n^i 

<r^L>-- Cr^l c3J — " cr-» -J J»1kn j (J»JJ 4_j_____J1 4JL-J _>c (jJJjl J 4jIjj ____J! 
LUjJ _y»ji1 jAj <4jjI_JI 4jj_j__, __ii (jjAlj JL_j .4_ulj____VI 4____ltl ___>uj 
3 K.U 1 _)}» <4_£L__-__V1 4_j_JI aJJb £jj _! JjS ___». jjJ—JL Ls___1j 

_-_}} ...__l__c ___» 4^L___1| 4_*__>Ij __ti__»f ^ljj^l J__>L <j1juj Lw_t _jj__CJI 

__- L_j__ 4jlu__JI _pL_L>J 4_>JL«j 4_4 1£ 4__1j_ _jf _)L lit__lj LLuj _>~jl 

.«JOill I JL4J J_- __J} __»L__il 4jUj 

JLc_f Ji-b CjLllC _-«-*uj < *i<"hhj Cil j___ £Jj! 4j1 j_3 _>_V1 j 

Jj-__>j . 4jjju__J1j 4_L__iL ( jU_w_'1 c_J__ ___» C-_j__j1 _)JjJo Jjjl j_J| 

__j_.lj_ ^l ^Lp_Vl .tJLc <j__ U-1_ 5j_Lil 3j_^JI __ic __J_ *LSf _>.V1j 

4_____J <_>_ — _«jj (jf (____ I__ iJjicl — l_j ij__j 4__l_ — <_J1 4__-j ,!__! (jjjjljj 
__-> <>Jj4->J 0 j_a!_> 3jj — _JLl __-jJ! J — t___u _Ljuu_s ^JL_? 5j^__L 

4^L_____VI 4VJ1 _£Jj . ^l -uLLjjJI (j__ >___. . JL_*i1 1__ 

Jjj--Jf j_-i iOjJjJb (jl _Jj .4j jAjj (jLi Ijj__v >1 al_» L-L>_i (_>2_»u joJ 

I j__« <>j_ 4 1849 j-L_JI ^ 4j _^_LJ Jjjlj^JI __J} j_^L-_ ^jJI j jJL_oVl 

__ic 2U_>UL j_*Jj JL-^iJl Jlij . 1851 f Ul n.MI _,*>JI o-oj-.-w 

Ojji t. f j >.fxJ 4j___j 

4~1j (j-»V1j JLJj—Il (jt ^j-*! __ic jJUjj .___ __J| 4rtj,„ _Uj__Jf <j| VjJ 
J-)Lc jAj 4jI _Jj . 4jjjJL>J1 ___jjj«t __£ 4j ^Lt_4 4_*u_j L__jI 4___ui1 
i_LUi1 (jja 4Jbe — <_u 4JL_-il ___. 4JLl_____J1 ^ruo __ic _>LjJI __J1 4-_jjJ_> 
_-aJ1 oLLuJI J___l Ujm <__ j_aj __ j_lj -Jll__JI (___ (jl j_j_J1 C____L__I 
j_*_J1 (joj-C __£» j-L! S j — __C _)J>-' — — -'j 2jLsrjJI (____j .(j_iV1 j l^t.q-v- 
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« 1859 r UJI >1jl I j^l t^l o-^b .^L^l ^jb* 

jJUo jUol j <>j__, Juu ^ ^uLjJI (_i_) t-uj--1 4^.j (___ UUj <j_i_~ j_>j 
4Ajj_*.« j-}_. 4_jjJ _u__*_ -iLjJ V (jJJLjJI j-Luaj ^LjJjJ — -1 1^uj>- 150 
4jb_J 1 j-J <4j-*__I <±< rrjH Jjljjl _>* JuJjlU I — _/Uul L____1 CjI j__<juo 

(Narrative of Travels in the « jjJu jjjj <jjjU_1 <_*- jLL-AM 4j_j — _«» 
<__ (j-ujoj ^ib . U__1 j_» _-_>_ j__- (_;___ 1 j Amazon and Rio Negro) 

a^A ... 4JLoL< 4jLLlC J< 4jusj CjIjJ _ Cjj_ Jju _L_j i4jjj_>J1 lSoj-«l 

.^L-l^ j-^l ^UJI^Jikj^^lj u^Uiu _U4__Jj 

CjUU_>-1 JJ_-_- (jM- O-^l J t_*le»lj 4jJLlJI 1j^_i j__C 41— Jl _7JL4 (jJLtJ 
*U__aJ CdSjJI _K"»„* J->-JJ ^LLajj-JI t rtTwlll ___ CjI j — __»J1 4j-uI j_j 4a*i_. 
U_j| (_-_-Jlj . 4jjIj .".<'", ... \ 4_\«_.j ___jj_i_J|j jj ■ -Jj ' 2jj<-"Yfl 4llnf 

^ U^ia U (j-Sj* * 1 854 ^UJI £____._ <__ j-juI (__*lc *^ <-_ 6-^ijlj 

^A.I j_ Ijuhj i_L_V1 Ijjj .4j ,hLUI <>__. _X. Jj-_>L_ ^l __j Jju j_"jj 
\q~< £,~r \ 4_>jJ (_1_, Jjju_s_1J (jjjjl J jJ_»__1 4aj— ) _iJ jj 4jjL_ <i CjjL-Ija 
i^lj '.(jjjUS/l _>^_P». 4_i__ia <__- jjil j-_J1 (j-a _Jjjl jj*- 4jLL_ _>£. _>--*1j 
(jl (jjj-u oLllC _0-— jj i(jjiV1j (jj» l_c-lj (jJJjlj <-J--»l _J <yi 

(jfcL-j l_jjJ__Lj (j__j) uLpJ <____ — _j1 (jl __J_-j <_---i->-'1 (jj-_J1 (jwa 1, 1 n .jl 

l j__Mjj_L_ J j.(jjuJ <_Ji UJUujV <j____J1 __a lj>l5tt__ 4_1£ (jjj 4j1j_ __» <___ 

£l jjV1 31< A«j 4j»U__1 4ju_1 Jjjl_ J__sl (jl jj_ (jo- (-t__Vl _j__l 
Uj 1^1 .*:■<",, .1 oLuujlaJt dUl— 1 ^jj—iij ^oJ ^jUI ^eJUJI (JLLLj u» Jl>| 3 jLj j_ 

^yJLc UJUj LlU_) 4 <\f°> jj_f (jj-l_ Ij-U-l^] UL_jj (^l cjUijlII (jl (jJLju 

^jj^Ij .4jLvL1>.| ^lcjJ Li3_" Mi- j 4J j_jj l^juj JjU (jLia ^*j (jjij ((*tj__l 

.OLuLjlJ—ll ^Ui— Cj_jL3_4 (Jj Ul< ^LJ^JJ-JI < rtVll, t (^ C_l LtttjJ 

^j t _fljL^l_JLl 4^oLjjj ^cjjU jJjLll Jjf>-jl jtj 4jLjj__9j 4jUuI jj 41»J_Ij 

^Ij*. Jj_ _Ujj J854 ^UJI 4_*.j (._ ^j-_i_J (^-Jl JUt t-jJ Jbl< ^ 

(jw4 4-4___JI 4_y|j_l ^j_mJ (jJJjl- 4j_ ^j-_ (jjjJI C_fijJ1 (j-a JJj-*-l 3___ 

^JLJI (jJT jJjl -u ojlc.1 — __ 3 j--<^ 5 jJLI *__ L^jL»jttj (-uJlj *cj1 j_ jJLl 

. UL_ 3j___ 4__ j_i— Jl 
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f-Cj-l ijalajJI ^U<iia L>»L>_ 3jJ,1 aJ—A <j-V1j _J_-j .:«_<*"- 

L_>jjj ^J (jj-l <Lu1jlu«V1 (3_»_J,I (_-_ j<UaJl Jjl uua (jja 4_}j_Jt 5j__U tf LjLc 

j__j iCjI jJ _u _yjLaJ (jJojJl _>_. I Juju ___j ,<jujj__l 

^___i < ^^..^ ^Jj ,_JL__> £y* i,jt 4j alr £_*j 4_jj <j_*jj! _ya j-4-?I LgJ^_*w 
Jj-_jj • LaLoj ^ •" L^t„4.>> (j-jJI cjLLuJI 4jLuLL-ld J_Cj jLcj ( Ij."lL>J»| 

_--__.! __!} 4_u___t jJL }U__ <jjJ__JI (jc oj___1 <j_- J^Uuo-t ___ 

jrU _£jJ1j <4rtf<^ll ^JjjSU 4^1jJl>J| j___*1 (*-i_J <j-u <~tj J>4 (j_4 J_- 

1 (Jjj-Sj ' **j "* J— j) (_£ji_ | __JJ 3jjJ_>. <j— _ L_j _____• I 4_l_j£ £jj_ sjj 

U j_* jjl__J1 _J jlu i(Continental driEt) oljl III -__j_>.j ijSJu jl__j 

JjjJ jS_L jjLj '(jjjjlj <jl t_ (4j| __jju jj_ejj , JL>J1 4ji_lJ_j Lu_ Lluju 

4jj_» (jJJjl- -»U ui (JjjJlj) IjJ-»- JLUM <jI-jVl j_tf_ <j? (jA^ (iJ-JI 

(jJi ^j>Jj <j? c>SUj 4_Ll__JI _jI j-tiitl ^-Ijj <jT (_,____ _>_> jj UfT *(«(jL<»jJ1 

^j—lLi 4,0 j ni _£_J1 jjj_uJt _>_- 3j___ (j_ Vlj _JJ_ ___itj *(Jj-j£ — jIjjJu _jj J__ 
^c— — — JJJ (3__— L J— — I J— -lj ->■ (jv4 _-<Tuj - Ah^. a £jj_ L^J 4 ahr ts> 3j_s__j 

(___ J_ajj U J--J (JjOjJI j1j_-*I *— i Sj _j (3j_ul__ £j>£j <jL__c! ___ Jj 

(___ 3jj>.j11 J (l_j**imi_ Jjt_»! (j_« SjUj u_a l^K) 4_i_Jl ^l J-SU JjJ-j- gjJJ 

(jj_ 1855 ^-L_I1 Sjj SAa __s_j 4_jj j__a_'l dj__ (j_>j_i.j -j-jjJI ^JL--. 

_JJ_- l_U, jl < rtj^ Jt__»JJ J_J <___ (4_S__JI ^ Jl^J (jJj-J _4J_ ij- J 3j (jt 

jt (j___1 (__1| _j_»Vl ^L____j|) Speciation 4j_-JI ^IjjSU _g;jjU"t1 6J4--J1 

. (4_J_JI 3j_uu__l (jl_u_vC._Lj (jjjj JaLujl jj-'! 
_W(*^(_>~J 'L^hH- J— *--3-jJ1 _«jjj 4 b Oil)'- S--^J 

_J (jj_JJ (jJJjl- (JJ <-J (jl (j_-*J *J-t_. jl j_ _ 1j (jl Jl *_=~V (3-3 ^J-Jjl -u 

5j__u L_— — Lfl (j_*t (_,_>. Jj-J (jSu c«Jj) 4j_6 j___j (jjjjl J Jjeju ^J La 4jjJj_ I 
4-ijT— -o Sj___I1 (jj__> (jl -1jf J j->- ^JLtj ^jJLua-T 4i— J j t^tj iUtl (_jl __uVI 

(j! j_"_JLj jjj_>.j .((_jLI_-J! ^-_«1j Ijl j_- jju <_ySJ^ t_)jjj1 j (3f---j 4jJj! l_jL_V 

<jL— __u jtj__J1 l_jLi ^-lo. J_a— I jseJ _j— C- Lulj^ (_J1 J— _j — _l__1 (JJ— — _1 ^— J.I 
jt _TjJ _yJ- (jejj'- (_— • -"-^ (j.^---^ J^ JL>J1 (JJ_-_ (jj-aiJI 
_)__1jjJI _)-4 4jjp __U_— _JJ (J_l 5t_ _-_ ^_4J -llj 4_?_*Jlj £-L>J}LJ ^yctj V 
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4j}___Jj-o £J-J-t1 _Ji -U-j .(j— JLukJI L_iU_ijVI 3 j__J 4__*_1jJ1 

-J>t J rmij <_;! j»JL2j <jl <jjj j ililJ (jU*JI 1 jjb Jl« JJLu_U 4jL (j»~V1j 

J_*jj t 4J_4 ,jj — <_t (jJJjl- <jl (j-« o«*Vlj jJJwo cij^JI <jL5j .4_ij___| (j—c 
<j_V1j r<«-» Ai jI u . .i^ r jjL c_it L4JSJ 1 1 jjju>_ SljLll *j_. 4jsjl_U 

. Juul (_£Juo ^yJI L^J Jjj—sjJIj jjS> cjl__lt jjj tV*n ^jLuJ <___J 4jj^-j_v j 
jcjjJo (j_V1j <j_> 1 o < n _| 1 1858 ^L-Jt <j_a jjIju- <-_— 1 jtl—II *L_>.j 
4-cjj t(j_;j->jJj-<5 Sjjjj^. ^-i) __jjjjj SjJL <___> (__J4_>JL L_sjj_o (ji1j-_J1 

<jjiLcjj l_jLj-4 4JL-J1 tf»j_b <___ j_fcj j_Ujj .£ljjVl 4J_\ __o <__fl j^rtij 4jji_u 

jLlJ- <__J—. (jj-^-U (jL>- J- (JjO jljJi^/l (J-a*J IjLt 4___J <___ Jf.LuJJ .<j-j-JLo 

. 4_<JL_. <j>,-rfl l>"_- 1 j_b (j! <JJjj?j .(__>U— jJI 4_uilJtJI —JJ-4J L4J-U 3l J->J1 

4 -i u . JI lj&jjJ_JI Loj^Lj j__t? Ju V (O-AjjJU 1jjjL_oj IjJuLc j_o (jj 

(jjjjLaCu <j_-j-U 4 — cjL-Lo (__J_. jJJiVl j| j — <jj .^Lcj <___ 3j_l _JI 

jjijp-jJI _j-4 j-*-J JJ — tJI (___3 £j — u<Vl (j! LoJ-U *J-**J1 (C^J JLcojj (j-ajJll 

ojjt (j! jluu 5 j£La <__ — L_o <___» Clumj 3 __?__> j» . l_LJ1jj 1 jl_SwAj 4 u*j__il 

(2) — uix <__JI (jJJjJ <jf Bjjj-JaJL L$jt __ <j_o j__J-J1 j Jji_J1 4_jj1 j 4 jL«tl 

(jTjj&l ULu *-J>UJI 4JL0 J-o- JS" <__* __,.&! j.mttl <jV -lti <4J!>___J1 

<(-JL(_»MJ ^LojJI (jt (jjt <3LpJI jlj_ (_,_£. u 7i m 1 « 

4jjjJ1 4jj_j «VjT , u tjiVi1l i^L__jV1 j_i— jjJojJI 4\jjJ_j jJbj_v jj- Ijubj 
j1j_Vl (jf (_-JLU_»J o1j--JiVl (_jrU 4(ij,e\U Jijlj- J4J6J J_L>- J^(j-J t(j— jjjV1 
(Jj1j_JI jl_ ^cj (j-aj tjj__U 3LpJ1 Ju_ (_-JLc. (jj-JJ 4jj_J1 SLo^jLo Jj_t_Vl 
L^Leojl ^jJ (_£? (j, — jLS-uI j_*j (_1_ J_jJj ^>.L>- (_u — ui (jJt (__-JI 4__u__JI 

j! L_3jj_-JI ju«j ^ <JJ .4jf) (iill 4JLeJJ IjLjuo ^e_u_-ij (_-J_J1 Jj^JI ~t JLuaJ 

jja_J 4j — u-JL (jJjjl J <j£?j La jjcj (_-l_) dJb JL>. L_>jl ^l jjS/1 Jl>o l «JLtC. 

L__T1j-J^ljj^l jui_5 *(jj>UI J^jt (_-__ (_>-Vlj ^Tj L» jl ^j=^LVL_ jj__>. 
(_^jJ1 — uJI (j_J icdJjJ 4 7- ,***>*> 3jujl>- ^l jjf j4__ ^cj (j-cj 3jjjl>JI l_-jjJ_JI 

4 T Lij-' j_» (jJj---jJ1 (jj--1 (^ V] j--a-j (jJ ^jJlj *(j-V1j Vj (jJJjl J 4_3jju 

jjUuJIj cjLjLjJI J_ijjl>. jjl uxc jl (Heritability) c_ujj-JI 4_lL_- _jjj >. 

SjL-J (j_Vlj |*l^^r* ...I lllj La j-kj .JjJ^^jj-jJ-tJI -Uu^^iSJl I ju» wujjI .«(JiLp.» (#) 

.4-__ jl_ jT <(jjjjb ijjJa-J (_IjVl ajlu-^l _-UU_w!l j4_5 (J (j^l «£L_6U ^UUI» 
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LkJu-L_-J diJj^l 4_JjL* ^rtjn-w <_-J_- I mjmtj <j_-Jj .(14 J___ii ^tul) 

(^-ic jjWitt (jSLu -Ju£ (_,t hUII t_llicjcjVI LJ j ouu <4_ij___» oIj-l-uj 4jj_i_La 

__u__»Jt S___)J t( __i_jJ| 3l_p. <_JJ___<| £-« 1 <t j<" « 1 J lU L_l ^LJJJ (jf <_i»l_> (jjoj (_£ Jlo 
£jj (__J_£. JUwju IjjUU £j_j jl jUtl j*Lg_JI £-« 1 rt j<" « I J — _-! £__u (jlj *4jI _t 
(___> Lu t(j_»jS/1 ^rU m (__--. j_-J ^jj ^l j| <4j LiL-JL» «j__U <___>J1 4_1 JU 
. <— lj* mi aj 'Ujmj JLvlj ( rtlni {jA j - <it . JI i_Ui 
jjIjj- (___j (JjjV1 j c_1j (___!! 3 _u_l__tt 3jjj_*jJt o_L_> (jl j£> jJL j__jj_v 
(_*jkj 4_jj 4 ,"<jt 4j_tLfl ^jltl c _— _> (j^jit (j^lj-a ^-Lc jj_j 1858 |*1 — *Jt 

r.U.»j,tt (j__ ^——SL^j V JSI _U Jj_L>Jt (__!} C_l__.jJ__tl £jj j (j__» (jtj — iuu 

^y- 4jIj 4Jt _-j 4j i r>V __ 3J1 _j (jJJjl^ _-Jj L_J — i-ujlj .«(__L_»Vt 

18 (__d (j-jjLk (jjl J __J1 <___?fcJ1j 4JL_jJ1 cJL_->jj .___s_jJ1 4_jj (Jjj__4 
LaLcJ _jL___l (j\j_i — _it (j-a (_j|j jj 4_aJU_aJL (jjjjlj (j-_>-fj * 1858 j — -Jjj 

4_»JU_9 £_* udJj» _J Jt_w J *<__Uls c_JjJLs- JL a . "t> -t (j_« (jjJ-N-Tj JjjJ 0jj_w L*-» 

(jjjj1_i £-jlj jJjLi-J £4-__>jJ1 4_u1 (___SjJ <^.L| 3j Mir JL-J l4jl(1-rnl (_$J-=- I 

0_Jj'-> Jj-=~ i4_j___Vl 4j> K m i« (j_- ^jJt <^J .4jJ-4j__J1 _--Q-»Jb 

<_-.-i--_i £_* JjjJ (___J| ____fc_J1 4_ijj J____-jlj (j-uV1j *-/J j-lj_l_-.L (Jjj uajj 

: 4_i_5 JjJLj 

(jjtt __ILl_> (jjSLi t J U-u JL>> (__J| __t — «M-»* (JJ---> Ci — „0 

»jl jJ '4 .tjty j!__l L_uLL_j Ijl.1 j^-ll ... u ',a,M, 

La (j--V1j (_JJLJ (jrtJ 1842 ^_L_JI l^"j"< (__J1 ^_L_J1 0 UUv - 
(_-_u___sj . . , j_t ___£> Lj-4 Jj____t| L4J 1j_v jja i_. J (jl 4 — I <jl_T 

4iij-f ir-> c__gT (_Jj L^J C-Ajlj U_-ll__i _-_} Ijjil ^J__o! (jl 

-1817) j-ja ___jjj_w _jt jtjjUtt ^JU 2-, __tt j_-___VL « JjjJ (jSJj 

^ib b^J*U_Ul?'-- 4__jjl__J1 SjuljJI pL___cl (jj«__oj_>.t j___u_, jJkj.(191 1 

j_» _uj) __3j_____Ll La^J-uI (JrtJ J-«Vl L_Ij_U (jl (JJJjt J (jj« L±il_ • J---t 1VLj_U 

4jjJL_> 3jL-U__it (jA-w (_!} 4-La Vju 4_Jjj — __JLI (jLJjJJ i| SjL» — -uJL (jJJjl J 
t(3jLi_»J1 CjLjjjj jL>ujj t-4j| 3l_uitjJ, gj-a_Jtj jjtirttl jJjLju JL__i (jl JUu 

j-L_JI (^^-u-oj^jJt ^_LJ1 jL__Vt 4_L__>L u <>>S"i 3ji>-- ^-Jj (jl__V1 J-aj-j 

.(jjj^b _>_^-_iij_s Lajj-- __-H <Llj1 JJ! Sj-±__JI ji__l (^) 
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_-Jj L^uJuSjj^yi^ I d h< _-__JI _l_*-J1 4_>jj _.Jj 4jjj1_jJ j— >. j^ 1 844 
<JrrTjtl -__jj -__jj__j . __J y. ,1,« j Linnean Society ^jjLuJ *Vjju__>. 

(/*\_J|j£_.j 3j-u-* -_>-_■ -UJ »o q\ (jj_> joJjj JjVi (__-_. 4ojl^>J1 ol 

Lr^l (_jj>-^ ^jjp _^» jjj_9 _)1j__- dxi L$J j*j__- jj» j__ L*u — ___-. __jjJl___ ^j 

iKt^litlj^U 4_utjU__J1 JjI uujJI Jjjl» _yC £-J jj _M j (jjLpJI |*ljJJ (j—jLlJI 

(JjjjjLlJ 4_jjl4JV (jLujj t4_j_!_LU 4_l»j4j>J| Jjjo) ^j__»_U (jJJj! J jJjLuu uajJIj 

jJjLl-J j-j lu _)-L.*JJ t^J_L>J,1 _>-Vlj JUj_j|j t 4.^ jJj_L>J I 4_p_«i_>Jl (jLpajj 

*_y^J <(J^jjLLJ 4 <> J-L«jj 4j-CJ_U 4__ i .q i >J1 J_L«j J-t-J 
4j£__U 4 _ l5_<_ > J1 _>_i jjj __t_Lj <. iUII ____ _Ijj ____i t ^j_L_*_U j _____ _J_j 

. _>j_JjL_J 4_JJ_<_>. JjJ-jj 

^Ijj'V! J__»iujL0_? j_iu 

(_UL__JI *1jj ^Lcj\_VI (jj* j_u£> jjlSj (JjjVIj jjujjj _J ^jL_JI J_Jj 

(J_jVI j (jl j-a -?1 4__jj_>. (jSJ i4_jj__-_i__ j_vl (jjj __JLlJI j__ jJloj 4__%_i £_-> 

_,«mU1I c_jLs_j_VI 4jjJ__j __Jj 3jL_jVI _dJ j juu Lub jLlct j __ulv U j^f\\ 

JL-J i(jl jJjJI I j__> C-_k_ LL__" <__J| 4jI Ijuh (j_a ji-Cij .4_ujjj1jJI L-bjl ,ur L 
4_3jjJ _4_i__jt ___J1 3 ^U.tl 4_uL%jyi 4-^llJI)) 3j__-t_U 3 j___ ___. u-Ujj J «j 

«^ljj-M J___1» jA-j 4jI__C _-JLc (jjjjl _) c_-*--jl L$j| 1858 ^-L-ll (___. (_-j_teJ 

24 (___5 t^ljjjs (jj_w jJUol _>} t 4___9 U lllAj ^**\pL->.jVI (j-4 JL_jj-a (jjj 

jl (_,t nt-J1 _j_5__j , _ t l JjM >- (j_o £l_>j_M J_-_»l(j_i» I — jL_£ 1859 j j-4_»j- 

-UJLs-lj .«SLpJl J___v| (jjj ^l j_c_J1 (____ Sj_ui_-ll c_)V^ uJI __J__ Jol __>JI 

__J__ («JLJ1 ___} jl ___<j__J1 2_4__*JL1 J_wb *1j __i *^L_j_<j IjjjLj L_l__j l-jLSJI 

(j_a Juj_a ^«__i_v JjloIj Ljf> 4_«^ja iij->-l l__j_T (__lJIj (jJjjl J Jx_»1jj . 4-_,Lu__1 
4j_.1 j -1lj-w _uijL_ (jjl J ___9 4j1jLc iU mJ 4lo-jiu_-iJ ^Ll*. t_iVl j 3jj_J1 

(j__ Ijlij-j ^L_LJ1 _-1_i ^j^ 4i_: 1_l_> j-, 4__CJ J882 JjjjI 19 ^ 4-j.iU 
1 juj_a -•jjjj (j-.V1j t__Jij .(____uJ_Jl -_tLj-r_>V1j jjJ__JI (jl L-j ^L*J1 jl j_>J1 

_)! > L_j___ L_L__I jf__T __j___XI L_v__j : __ul jJI <_j_j__ ___ __Jj (____ _>jjj! j Jj_u (#) 

_;jJlj i_)Lj _>» (jjjjjb j3__j_ujjj 4J___*^L. (___> L___>_3l [___!( 2jj _>-Ut __u_-jjl 4___-*>UI 

.|«jjj) Lsj- l-jI^j-JIj ,_-_ilj (^jjJI c-a JjJ*. jj* L- JS _)l ______ 

.-•jj* LIjj ___ a _Lp__l (##) 


55 


.<j_«jJ1 Qji SjJlaJj LuIsIjj JJ-H ^tpuutA (-lc (jS-Jj l_-.L>ij (J-^J -__i_JI j-« 

. 4-i___J_I1 4jj_$ (jj __-C LJ ui jM L_4 4\jjL>.Jj_J oMASejLA __J} Jj_--i 4___Jj 

(*_jL Jj-iJI J *j__«laJL ,jLuj Lui_* 1 n^i _jLS__f 4_uL>>jjJI JjMjT C-t-i-oj 

.(_£j_>. _/l £j jjVl I 4J ^i^tttI ^-itl L_ — _-_u 4\*jjl___J1 ^jruljiU (jj — t <hVj V 

t^C--J1 «(j^^_)Li 1866 j-LJI j_«j_11 ^(J^juj^Ij^uJI J$ j_*j£jj__Jj 
Q.i-a,»t (jSJj * Lolj LjJLi (jL>-J>J' 4* > *jtj *J-**JI 5 j — ___- 4\i-L_Jt jjLs__J 
jk\ 1 1880 r LJI V| ^ (PJI 2L JU1 At,t LujjLp. U,.lr 

jujul -uic j-_jj /*\j_j__S_a (j^L»jjj (jjjjl j 3 jS__ (j-«LduVl ___» ja (j^UUI 
<j_»V1j ^JU IjjjjSLi» 4___U1 CijjJa <jjuU_J_M __!__ ^Ljj . *L1*JI jj — j! j-a 

4j__U 4jju__*_JI 4\iV"'»tj .SLpJI ^Jua 4o__J1 200 «JjJ__ I _-Lj-~ 

^jjj , 1910 r ui jLi*i^VI ^ L__j «>- J____*.j . 1893 r L_J1 UJ _>U-j 

j^j_>..1913 f LJt jj_*_jjj (j-« £-jI — <_JI (^Ja CLutuijjj _--_ ijjjj — i-ujjj-i <___ 
<_jL_SJ1 1 jla c_L_*_Lu. ^-lc 4a2jjj ^JLc Jj! jj* (jjjjl j jJj-___ <jl 3jLiVL 

j*L_Jt Juu ^jj (j-a JjI jA(J-jV1j Jl)j--J| LJlu*1800 j-LJl JLJU JJ_JjI1j 

Ot *1j^^^Ll!Io>2]|^^^ 

.£jLu (jjj (jj» jjjVlj ^_bVl j__ L__>jL>*_l 


<LL_> Ujj 4-__oe_ _)t (jS-4J L«wi _>j£T -_-.L_j» 4J _)_aju__*J (jt ( 1895-1825) _,L__L_. J*__jij (*) 

_____ jt i I JlSIj LgJ_t _>£o (jjj (jt i __»|j _-J_J __I-_1-JI iu-UJl J^-t _>_! lU^ (_yijJ 

_-3 a_t_u__*JI 4jx*A? (jj _} ^tjjUt l cj_____j_"l 4J y ---J gJJj-JI (-- (jJJL)'-- "JJ- 4 
Ajy^la (^lty >isej (__t J-4 (jj J <>» 4jL <>bjJI _fljJLt V <_lJI 4jjjji (_SI ,>_Cj ^l jj)Ll 
pj»" (jL>.t >o JjuaUj >«J_fj ^^i^lr 4ji^itti» JUu Lu^ ^u_u ^jil 4jj_>!j_II 4Jjj_>t >• I JutL_> 

Ijj 3L*ltVI OjSj V (U«_U Sjjji* j-lj- < n ,^lt ,> VL0) o^J -^LJ' oLLJ-JI J__at 
^jj-a. ^LuL^ LiiJa^j ij.*iini_tLttj ^L^jLL«jjj (jjJJ (jja L^iTu-I ^oj ^JJIj 3jL_II «LjI ^ic Ijjju__4 

Jj_cj« (j-jJj Lplj L^iLsuat L^jc (_uaL*uj 4Jjjj_v ^JjJI (jaajuAj (-9 ^uj_utj . j j.o/iI L ,_yS j-i£Lij-ii 

Jjiu, o;jL^I 4j__3 3j_j fi_j 1858|»L»JI ^ys 4jt 4SjLU (jji L«J Lj.dLijj^l li_j ^LjiV 4jjl* 

jj-^Ij 4-u_t- («U-JJ ^<Jj (4ajj ^Lc 4jt lj_V Ujji ^LSjt 4-4j_j U JS" Jbt ^jJI) (jJjjb *>LiJI 

LVIj\_ (j^ «*jL_iVI elA (__« i U l (Jc. JjjjlJI Uj-uas L- I jjj 4l«LJ1 4_jj_JI ^Lbt cy 

(j£. (jjjjjjJ (jLjjt 4_Jt jjIj »_jLS lt- <jt — --II I j-4 (-- 4-uju L» JS" JL*4 (jt 4ji — uij (__ ^jLHI (jt 

^ ^ ■ * sL-h jtjjLj 
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ulljj^ljoljjltl 


10 


jJjLiliJ A,j,i^\>- — <1 q} <jj» jJI ^jlc 

{«JkJI jLSij jlj*. (jic (>*j^j uiSL)'- 1 
^jJ) J!Uj «GLa <j tnr ^ullll (jjJiJt ^ 

(jt oUj .Sj cUlN ^yA *Llu <-u! La j — >. 

(jicj - j-il^ ^ inLJI (jj-oJI J>L>. ^IaJ! 
j->u! - I — jjjJ2 <jjjj1 j 3Lp> — « 

J-&1 4jlLoj 5 j| jJt 4jj5i (jja lyjt.a Jj x) 

cjL»UiaV (jSUj (±.--t>. *£1 jJJIj *l jjJI 

LAjjjIj L$J (jj^J <jt ^ Jaj jjjl Cj1jJj3j 
j_u£- L&tfi ijJjLiiJ SLl^a ^yjj t{ ^jA*JI 

^jLui ^jJLi l — ^j-Slll j — 4jjuj <J jft 
J}LvV1 j JjjuIJI (j— SUj (jj>*^ ■ > o^j 

JL^-tfu3 Ls I j»Aj JL>- ^^'mJ L^x£ 

tu tj,UH ^L-J^I SLjjJ^j 4JU. 4_j 
(jl^J 3j£LaJL j»J — oj ^jjjjI J (j — ^J jj 


^— 3 3 i r*»L>JI <L±J uuJI 

JjJtj jjT I — LsjJj i Ij**; -■ 
j-^LUI (jjJiJI ^ jj_ 

IjUb <-£Lj£j — J '^tl 

<J-4-fl>t liJljjl jjJJ (>" *m>T 

^juu JLioJ £*L*JI 
,J*JI&: 

<j*— ilj^ <_., — *j * 

«(jjjoj Juc i£j_=»JI 
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1*11*,! jU 


I JL__Us___ £JjLJ1 j--J Lljuj * l_gj ^ jJu-l l-. . LLjTj (jl <>J-<-- 

<_-l--. ^jJwL j| 4j>.jJu Jl_w1j C_--J <_-_-- CJ2>J c__;l__L_____>V1 jt < nj^ (Jjj 

->L-Lj J_>*V! (jC ^L-J UIA f><j < « J_> J_^__L_>J L-_b j * ^ lclr (_£J jf 

2lU*JI #jl^J 4->jJ1 (jSLIj .j^^l^ L_-u____ cjVhu V J£ 

jj______Jl 4_ij-_-. JuljJb jj--_L f LJjJI jjtt JljIj-i <jf <_-j- -<-_i — uttyJ t J T-oT ij 

jj-ol J____jjj (jo- <L_t 1 jub ita . j-utl L. 4juU_-j (__JJ < _, '^J J — j1 I)_-tl 

J-wu (_-__! 1 4__ujJ__JI <jt _iu 3 j_aLj 4 tijA^ 3jujl_v 4jjj (___!} ^UI 4jL£ ju 

I j _lUo L_____>j <______« 4jjjJI ojla <ji <<u-Vl t-JLAJI (j-a ju>o .<<JUJ1 L_-$j 

J_-»|j L^ jJJL»JI U_ISU J->- <_-_->- JaI-? J-O- <_yJJ ^Lb-OJ . I — £u?\ A i^l 
J)jjU"tl (__-_-. jJI jjinnll 1 j — $J LIaj J-jJ_ JLaj JL^ — __> cJ_j — lu 

jis__i? *ijj ( j___ji _v> ^j j____ vi j!) j___ji _>j 4JL_- <_* >t_u-u (_u*ji 

cJu-> L__u! j (_uJj £j_bj (_fl LJ ^jrt-jj L__5j — (_uj iolj jJI j-C jjjJU <jj->- 

^cj * 1766 ^UJl jj_Jb J>Ua j_« ij .<j>-1-i SL_p- ^J-4 _J__ ^eJjJI 1 — <U 

__JI jJT ^IjjI cj^u 0 nV ,»„ 300 <> j_£l ^j^l _JL_1_ (jSJ 
. 1800 f UJ1 JjUj 4_,l__ aU lv_ .^UJI ,U_f J£ <> ,U1_J1 4__e (j-_^-_. 
_JL__ <j_S *<j^ 4_j _»j__ju ciJ-j-f <_U-«J' o>-'- £>— -* 

J& (j_\1844 f l_-_J1 J* 4jUj ^ (j__Jj . *ULJI <>■ ___JVl 4_,lj__ 
1900 f UJI JjUu ^kjjic jJb Uiu r L__ c__»VT Sj____i__JI 4j1j_s -JUJ1 

pUL-JI JJlc (jj t_-u^___J1 4_vj (_, — Lc Jj_iI1 (jSLaJJ .^JU -_-Jt 4jU j — *j 

(j;j_-. (j-CJj .j-A-i j_<--L_JI jj-lll JM_v LLc j______ 4\__9_i- J5? L___aL____t 

Ur-i Ujh^-* 100 J-*J (j-« 1 j-tcL-_u Ljjjf (jLS — lm 4U_v (jl j-?ju_i <jl Lu 

ji_C <_« < hr- 1 ■ j tl850j 1750 (jj-aUJl (jru Uj-- (jj — J__ 200 j_5-_» 

9 (j-a Uj__J ^JJLC jlj j} , 1850j 1800 tjrtJ Uoi- t-AjLs-j 1 n i Uj jJ 
3jLj «L u/«; liUf. ^UUII jJlC jljsjjj. LjJU 18 (__JI 4-<j — -_u (jAJ^La 

^LJjJ! jIjlc! S^Lj U-i _-^-jj (_--J1 4JL_4_JL1 SjLjJL (j___J ^j-CJj i( jLS____J1 

. (,) a--jj,_ 

.Greenaway ^j-j»-- 0-» ^--Sj^t {*) 
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ELEMENTS 

- 

o 


Shontian 



A^oie f 

© Bary^es 


• 

Cuimn ^ 

^ Iion 


o 

Oxygeti ^ 

(z) Zmc 


® 

PhospKorus 0 

@ Coppcr 


® 

Sutyltur 

(Q Lead 


® 


(<j) Silver 


9 

Lnur 24 

® Gold 



Soda 28 

(jj^ Plariria 



Potash # j 

Mcrcury &J 


<LuL*jSLII jjloLuJJ jJ^jJIj - 30 

<_--ijJ ii<l it> <__L_ii1jJ 
(jSLtajSJI (^jJ^SJI (lijr-i.llj iOljlill j£. 


_-Jj 4jI j^II SJL». (j^4 ^JjkJi JL_u_l j__ j^uju j-p» ^yJb (jrJiJl (_£ j _- ,g -ft> 

■ j. .^>aT 4jLl>- C-jI_» <jjj tjjjJlj ^j-o jjL-_>? Ijlgr. (^yaJJ ^jag it jL? .4JL4JII 

^LJI j jo iho <>* j " <r £»1— --^ er-> JIkjj-* ur^ cj^ 

^^jiljjlsol^ Jirtn?a4j <*> LulS} tdl JLiT Jljjjj^ O-Jl^j . 1778 
C<t„< <ot Sj^Lj (j_<-_ j-La _---UJ CjLvj oU (j-CJ j t LaLqj OjLa Ju_ 4_ujj_CJI 1 1 1 
iOjJjj 4 n 1 11 Ij «^yijJ L)! <jf <_djjuj . (j-dLiJI 4 . < m.L %| JJJJ* OjjL>UJ L^SLal 
^jSo («J 4j? jlu i< T i_ui>. gLej 4__4__ (j__. ^4_____a <3j\-ti_t__ 4__.jj-4 l_JL_Lcj jt-C 
3j-i9 ___i CjjLLc.! i^j-uJj-C. lfl<w nl J 4«L«I <jt -_U j-i -_9j-«jj . LJLo ljj.mj.fl Ijul 
4_L.-jj-3 3!j_-1 £_>s L*J|jJl__tVLl obuJSJI £_ajJ ^Lst^i jjJu j! L^jLp» j_a 3j_^t_La 
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£)p3 t \ Q j tt ft t iih j_«, ^*i-jJI _-___» (j^JJ **J_M^ (J-° I^J*-* (*_^V (_r^l L - , *L>. 

j-j->Vl (jjVI) (^j-iuJb <jf Lr*^ j-«---Jt Sjujui ______" 3j___}U SLJUI ^L_>jVl 

(__jT £-a (j »jtt t _-J1 ^J-*- 1 Cy* 4j___j__J1 (_--l J-*J j-_-__->t (J___L_4 3 — ___*_-. (jru 
j-UJI (Jj-a_}_-> _xJtj (jr^JJJ • L^lj^ J**i9 'Ot^J 2 U>=^ Cr^^-J 'Cr^W ^ 
j__> j*_CjjJ jt ji> jJL j_i___wj (jjjj-tl _£j__j tlui43j l-^l-Jjjj^j (1794 

L&ls juj ^Jj 2LuIjlLiV1 jjjjj 4___jjua _-J_ ^Jju _£jJ1 ^yijj _-___, jLil _£_)JI 

_j.<n<tt (jt->J (_j1~-tt (_^V_Li___> _£jJ 1 ju_aJj J — «lxj (jf i4_3____>1j 4ji_S_i 3jJ__ 
_• j_4> JM-*- <_r^ J (^"J «LJjjd <?j-u_i| ^.Jj L___b j_i j! jA 4jjJ ^JttU 

Lo ,j__-j___J .(_-_»-V (__---jj-_ (j__A___- _£JU (__J__ 4_j___jj__J1 4i_J| Luj_sj 3j_L_J1 
.4jUi! 4_U4J SjL^a 4jf 4J J-TLj 

Lj£> jj (__j1 jJI ^U"I1 I 56_4_jjJ J^J ujlj ljLC.1 J t-U^a I j-ljj iy^i^ I JJ 

Lj - f JU___> £t j i r> j (j? 4J I Jg"i j • I JL— £ 4j-4_- __-- J-^J jj_____«j)J (j* *l n t 

ai_u__ JIoj 1798/1797 *L_____ j__Jj . UuU j? ,L-»l_ 

JLUU J__U_w_M J_-_U__J * 1797 f UJ1 4j_4_ jl .(_-___JI SLp- (_-__ Jj 

«gljttj^tt j___>L___ _>__ 4jM l_j» «Ujj|jj_V <_jto_> I jiS *__-_-L_J1 _0>Ll* 

3t<?\n t-JJj Jj_- t__iJ_a_j . g.1 j oj^C tb LjI_U -e_u_dfj 4jc_jj--JI 4_JL-_.Vl 4__*_j 

t 2U__L__Vl SU>J1 cAAWi* jI_CJLj ^ juLCs 4JUjVl f Vt ULuj .££__-__! 

UjLui J__>J (»Ll__J1 3j__- Jj_w (j^ <«jt 1j_V _j ____ L$_UJ (___. ■ ui\ jt 

(___. Lu-lu- Jjll-JLI ^Utl dil-t Jlj_»jj_> __J| _jj j 4U_jtj J — l_JI <j__» ^ <^Uj 

jjjl nJlilj ^jjjuj-C. ^^-J-jJI 4 j| l_3_iL___j j .«Us__u_JI 4ltL>J 3UI j__t fl" At| 

4_.l JLu9 L_jt-ui_j * j_* Lii^Lc. 4ju»L-w ____ pljpj^tl (j-j-^ jJI j tCitj '1 1 J^- 

(____ l_j1j 3L_»j (jrjjr-. __J| I tt^ lu l_j j_4j — l_I < _ T J_J_t _Jj_a*__j L_jI j ,_Jjj_ijj_c. jrU 
4_U»_4 (_y-U_» Jl>.jj . j_*j»J1 j_o _oj-___*J1j 4_*jl — «_J1 (____ jj_j * 1805 J-UJ1 
(_--. ^LL-j — __lj Ulj ttj^tL JljIjMLI 4-4U_u_I 4*?jI if_j 1 3j4j (j-ajljJb (_-__ t__ilj 

3 jl j__kII _>_- * jt_Osf jjJ_-j * L^jj-ju 4jjL>_3 J>U <j_«j 4 1798 f UJt 

uij (*U*-J-CJt (JLL-U (j-4---> L^ Tl ljJU ___3 Jljj V L_-jl_T (___-! 1) «i j l__JI J 

3 Vj 4> jU. Sjj__o ,_-J_ jL__9-/1 _> j__s j!_.f OJbj . 4J jLwa 4__> jJo_%__ (___. 
(j-a 4-1 j» p__jJ1 (_____ 1 j__>) j-jJ1 l__>jJU1 (JjSjJI _5j^J"11j (jmrntl ^»1 at 
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^ja *<J_Uj L$jI juj *((_$j1j_j»J1 JLj___uJI 5j_C_ <j-s--j ____u_jl fU_j_}Lt j-uX1 
(><» 2j___c 4jl___JI ,*_JL_>Vl ^jjd (__1.it 4mntL 4_l«j._J _JL IjUJ} t 1 j_- 

U-b _j-_4J>- dLjj L_>1j (JjJJUjji, (jl Jj-U <jl LJj . -t < .< A 'J 4__L_j ,<-— - J J-*-JI 

<j-« (J-JJlu _^Ujj^j__4jJ1 (_J} (CjM — uiljJtl JMi. <jja) (___0 UjL3 (jljdJI 
.*j__J1j 2jlj_»Jl <jj_ 4_u_i1j- 4_J} >L-_j1j iSjua JjV Jj.lt._JjJ 

Jjj_ (^jj-l <__- t_t>Lj *-ijjjjv ^ju <____ (1808 - 1760) (j-ujjLu (jjjjj 

^LuwSJt (cJcj 4 nUll 4jL_v1j_ (JU-1 «Nj*- < Jjj_-jji-7 __t} <jJ_J ^-J} JjSIuj q\ 

CyA ^lj-t Lil__jsrt -^uui jUTj . 1792 f ui __i~ 1789 r ui «>• 

4JU. OLLSU} (j__Jfc_J 3-iLlC »1 ni)} jj_* (4J (jj«J iOtjLUI 

_j| L.1-Jj« ((j^JJL>Jll jJ-_ 5 c>jJjlA l_Ju (j}j) 3j_v_ 4jjJ l_jJjjj . (_j — IsJt 

<_ ij> - t JjTlloJjJ <__t} J_Uj!j ( J-JI (jj4 <_j rt Mij (jl (j£-U (j__wjjjLUjJ1 (jl <*IlM<»l 

1798 jJjJI __£■ l-)jju ~-ju_J U < Jjjjoj ____ 4jj___>- ^LjI uJLu. l_uoJ1 (JjjjLj 

(__t} 4_>.->. (j_i (jjjjlu l_)jj_Ij .«Pneumatic institute (jjjjJt j^-JJ» ^j-iL 

(j-_1j-J jjLcj .^--J. I4.lt. ji __l!1 4_uI_jJl (__Aj ^LajSJI 4-j-C <__- JLcLu-4 

.(jJj-WI i>J>Lua JUC (jja (jju____ J*l .1798 f LJI juj__1 <> JM\ 
<<i i,-L <j_"t LJ (__b j^j_«JL( jLUI <___c 4jjL>J Jjj <_jj_> (___ (--j- cO^ti 

Liijj__ja 4 <i 1 11I £_*-—>! i 4ji — 1__1 jJI 4j juJ-ui Limm J-*J i jjj-tjjJI Ju — 

jjjj l__j_T 4-Sj__l j_— T J_."" <j-« 4_«Ut JLaej ^J 4jj Lj_j_wJ .^juiIj (jt-^ 

JLu__C| (j_a (l_)I j_J 4 (_£jL_a_t La) L__jj1 jf> ^jl JLcl JL__9 i(jLui_y 1 |dni->. ^ 
jJLS 4_l1_j ^j — -il (jt JL_J i,Jjj^>. (j_ij_> J — (jji l ^rt n i Tnn tj * jjj_-t_tt 

__-___>! jJI jUit 4>jjU <j-_-Lc__iJI jj-JI __Lc i ri M."<<1 j . 4_.1U~. ,„V| 

(j_- (jj__>.LJ1 ^jJ j-Uj-tl £-_>j«4 -uju->? 4j1 (_,_>■ «__i_*___JI jLc» ,4_-i1 4_iic 
* J__aJ1 (j_j__> jjI (jj« ■■ *>!, tj (__<SJJ _jl£> LoJjjj i3j_o-j 3j_i_ JL-JUJ .4 — -lll 
J_w (__!} j_«S/1 4j J-usjj ^S/L (j-L__-.yi jJLs-J jLJI (j? 4^-Lu-ja < a iVi<t 

4j 2_L-____V1 j 4JU.-i ,,,1 _>SUj Ujj jUJI oi» • 1799 ^LJI <___ l-u- 4_t 
*4_u_Uj UUjj-I ^Ij__V1 (jjj |«J < h m»^U (jSJj .«4_-1j_»JI ciLL. *LjI 

__- -uljJt (j j <j1 i^iy&i (jU — u/Vl (. , i ntr> * jhj (j-l JJ-4> cl—_w (jt __t} 
.(jL_-i_*1 juls- _U_- 1844 j-UJI __- «< f 1-rihtl jLc» ^tj_T_i__l 
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(_*Pjj CjjLS (4\_-j-v«j CjIjLc. JL__-_l-vL 4_uuu (__-c 4jj1_>j (__dJ_i Jj-_>1jj 
jLc ^ i»L 4j8jjjua SjU c-JLc <_JjL>_ i£>>^ il . U1 Jl>1 (_-fl 4S-4JI <__!_ 4j 

«lj^UT *(u_j* jjJl_jjJ1j uji>--l Ju— «£t Jjt £j> ja) Water Gas *U1 
J, ■ JjT <-3>Ji>*X' j.J t" ^-jLj <<-*--' J>j_3 jlitj jjj-oj Jdjia (j^ 
«*JP (j^l (*^W 0"L«^i <J»t UjP <_S->j_- U (jlx. j-<-_J *4_L4_-J1 juj — i <jjjj£N 
Oj^JLflJ (JJJJ^ c>T cr— ^ t_u — -Jl jj* 1 jjfcj) SL-JjJI t-Jj i^rtj J ,of 

4\JL>.jVI j»jl jc Jl — <5iHu<l (3-u-L <j__ p4 — ujuoj] J_£ <jjj__*j jbtejj^! ^-ic 
4. < _"'**- <jc JUljJ <jt Ujj___ __h_j._ f>L____lj .(3jl_u_JI l-Jjj-a <j_<J SjLcLualll 

<__!_?. ja lLxa — __jj jL*_jj jf JjS jLiil 4 — La j — »i u i nj (^jJI <j_-jSJ1 »__ j — L> 

(jSJj .4JoLSj!LjjI JLIc jU £jju_» <_£$ — -_ tiilj dj->- <jj» 4 j (^j ^oJj (( j_»jVl 
. 1 4 iu\ 4J ^iirt _£ jJ1 J— > jjjJJjJI JLj_-_— 't 
(j_uL__*>JI <j__ 3_\*i< a 2Luj|jj LjjjJij j_<j-JlJ 2j_____. ^JL-j ^^Lc <_-ij.J lO"^ 
4J <_,_» 4-Lal «»"<<l tjjj Jju C-jjTj . jUJJ 4-t^jJjj ««Mlj 4jjL*j£JI 

(___ o j___j j _ At 4jMj t> Jj_t <__& 4-«jf 4^J_> L-Jt 80 (>« j-St <j-« <__Jj-« 
^LJI <^j .4jU>. <___ fu}_« c-jSjj Jj-a-t __- l_.L__J1 jJ-^»j • 1800 ^ LJI 

<_—-UJ tjL» i L^Lc. £_Lj (jf wLljJ jjj_LjjJI Jk-LuiCl (jC 4____ljJ U_cUJ (1800 

jt) <> I j_o.| <j__ s.Lj>U 4_»_j_u iA ! j t_j jl>.j . f Ijj^SJL ^U.l.1 ^jc <_- — __Cj 

4jjj*jJL 4Ur. J^.mIj .Galvanic Pile ^ULJI jjg*U cJjja (cil m . "< I 

i^jjj^ jLjJ^__it-J (jr^*-,-*<i->fj (j^JjJL-ub ^-11 jtUI J — be-J 4j_j — t_i>L_Jt 
. *.Lj_$_vJtj f^U«j_JI (jrU 4«^a 4_3>L_. Jj_>.jj 4_x_u (j*ul ^_dl U (jLc. j — —/j 

C-jj-" (j-^ L-ljjJI j»JU 4j_i Jjp uil (^jJI O-ijJI ^ 4jt jib jJL jjJl>.j 

.(jJLJ^jj-SJJLl JL^-J.1 (J-lij-uIj JjLtJ ( jj__uJijj ^j^Utoj jL-' 0_5j) J) JJjLo j 

4_xuu (c3 ^UajSJJ jt-uJ Jjt (jSJj . 1799 ^jU Js e-S-UI jl^I 

Jjt t^cju . UUo (J-Lscj ^oJ (j; jJI iC-_JjLc, (jjUjj jj* (j-S-UI jl^*JL1 ^-3 

L^jL_u 4_JLJ1 Cj1j__»L>J,I 4J_-_-*i (jSJj < IJl> 3Jlj_v 4jIj-__>L%-4 (jjo 4i((i1i<> 

C*j£jj j| - lLI JjJ t-jL-jjjt 4-4JJ .(jisjjJI ^ jjj_J jljLC^/l t-S JJ — u-9 

jLo-l 4jtSj <!(___-• JSJ 4j-U_w JlS_J 4jf Ijjj ij-d-b ciilj JjS C-jjjLc. 2->jj 
c_j_? Llj .j-v*J1 (j-« (jru!__J1j 4\-j/jU-J1 (__« jj*j 1802 jfcL*J1 cjjJLI 4 i<i«i<t 
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<____< jAJti -.tjkjt 


L I Ujj — __■ jijj^sj <-flj < jjl ju V (j__" jJis tcuujLc. <_J. 4-jL __t 

1(jr ijJ Lcj I j_£__j .4jj^ 4j !jj (^jJi J__jJ1 JjJ*-*J _j4 Lt-^ Jsfr*-gU *L_. 

p <__1J ^Lcj i L^Uajjj <_,_. *L*j_3I *L <-. ju_L__J1 £__1 _JI f_a__JI 

<___! jj (_--~U1 Jl^jJLI (_,-_£} J-w-*JJ I j-t J-_J »lj«.jS_.l ____ IjLcl ___, 1j___>Lss_-j 

4u_.__-_i *_* *t>UI <_r- 2UUyi _--C SjM_- *Lj>L_^ 4jj> 4_Lj !jlu 

(/inil l J__uij t(j__j_*J1 ^h^jJ Jj_S , £_j_3jJ1 4 j n-t < a J____uj OjjjLc ' M ^~ m * (j^ 

*1jj_- j-__»L-__4_s !j-aL L__L_»_i ^jASOI jjljjJa^ j___c <J _oL____JI 

oJlscIUI Lgjjlu4j I Ju-v IjIjlc] 3jl*XI 4_j _>!__. V 5jI __V1j *1_&l i±>.a>- 

^(Jls. JjUI 4jjUJl 4"n^V ,*j,j3 j-udl 4jI jJ__) t_\ j^ (j__ L-LJj-Sj 

l__JjJ_> <1jJ Vun,a JSu oUjjlLI CjI JU uJI j oL___!1 (j-« jj^_v_v 4_tic Jj-U 

Jl 31 i nl U <j_Cj«uij . L_1 jTuca ^jc j-___J1 (j--_u 4j1j___>L____ __Jj J?L_v_-___vJ_J 

L £j_S_t , | _j_i_J1 <- 1 L_3 rtjj ^L-Lua 1 j (jjj_xoj (jja -t->- t>.jj C- ojjLc 

(jLls *jJJjj 1802 jjU (__s ^UajSLIJ jl_L__l tr^i* (-Jjjj i^jSjUI jl$__U (__* 

J jY^ ^j^» U-*_-?^ cr^ J ^"' j^o^ CiSjj jjjj Jjj__-»j _dj_b <jf 

L-* j-L-l U4 — u<j UjJju ^-.Jj j__(j__j,Uj j-*_JI (j-_ (jjj <__*J1j 4-JLJI ___. 

|jt__1j dljj <_-__Jt1 IjLA JiajJ *l jSwAj .4ojI JlLjVI JjJjj 4 ujjJug- 4J 4_-_JL_ 

JLjJ-scjJI j 4j3jJL (jSLj ^cj jjj) 3| j^J| ^ _____] 1 *L1_J1 j-- j-p-^l JjC jJl <j-, 

4j!^| ljJ^ 4 J5ljVlo^LI ^UiJI^L^! j^4JLQji(^jAjJJI(j-w, 

.(^y-CUI Jl^jlII (^ (^jJLu/ l_*jIj_j LcLtojja J-*-2 

(_,J3 4j|jL>ol ^c-ls-c,! (jLa 4 « Ll-*j» UL. ^jLj-lL SjLc (^j j^ jlu L-i> 1 jjj 

J -^* -U ^LbJI c-Jji__.Vl Li_<_L>. (j_« ^lj-ui (^oliJL (j_sj4_JI O-aJL^Tu-ul Ojjuo^ 

JLu .(^Ltj) 4_u_.ljjJlj 4_jcLi t __JI oUj.U-itl JL« ^ jl ^ ..<.LU 

4-3jLbJI (jL__u 4_cljjJl 4aj__t> l-ajJj-o Sjo^uj c_j|j-L_.Lt_<j Sl.-.t,,, ^JL3 4jf 
tgjj_djJLl 4_c*Jb? ^-JLc Vlj IjUil-i tf juS» J-Lcjj .4cljjJ1j cU<_-j_CJI tj^-i 4__jjjJI 

(*Ltll (^) JJLJ U-l_5 4j JCJ ^.J} I C_4 ij^JjJI (_y_JJ L-jljLg-, |j <J 

(jc t_jt j-x_->L*_xi -U — u_L_ ^jlc SjjLc) (jjjj ^ Lii\ j-loL-JLI ,\ j«jl (1810 

(j-a _$>i-t 31 ,,il„ j-Lc _L*J ^-JL_J t4-L_-w 500 JjLIL» (3 ..jjj^lCJI »1 JOJ^TI 

4J l___Ij Jjf JL- A -1 4t. ,„ (j__ j___| - 4 J(> 750 JjL_u oij __»L_-J.1 
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*System of Chemistry («tLuwSJI 4^j__u» 4jL_? _►* 3_J_JI a - ; ut | 

4ri ,„Utt SjUj^ JUjlaLM <jj_JI_ _j-* Cr- tj-Sj < 1807 j*UI jv> - M l 

jju_»j (LajjjlSj ^ 4jj_ 2U_l_ t_tL___JI 1 j_* j ^ <^"j .«4^Lxj_JI 

<- fc ^ j At l ^jj r _iw <> 4_jjJ1 <jljjSU Jjjl* Jjl _p_. j__) 1808 r l___J1 

.(1803 r l_J1 jj_l!-L^<-_J1 

4_U i j-jjLj 3j_j 4j! J_v j — c <jj_J!_ £-jji- 4al_ jJLu U« f*i£j-1 <-- J--J 

(jjitl _>* JjVl j__J! S-jL^ __*_JI (JLJI l^J j_$J 4 _l_>L_ J—4J 

( LiL_-f 4^l_.l__ (j_u_f <___ * LL»j <(jl£Uj 4jjj__JI jt ojj-u^ jl>j j| - j 
J>LL_yi <_,__ *<___- jj>j r jju L_u_> 4j jluu U £_~) __lj jJI 0 j__» Jj__ti 
Ijlj 3j_C__I1 lj_« __*_____! <j__. (jj>j__' _jt <twl'ij ( (__ljj_JI (jru oL-l j_UI _____ 

jj_>L_JI i f ll («1*1 ' jLJ I ^ t-^"' ■■.*» 4_ulj_w| 3|_| L^jj-^ cr-C JLjjj V L —gjl 

jl_j .3jjj___IL <_JL_Jj_J jjSo (jf jjj _ya 4_u_o cjL*j __*. jj» ijjSLo i $jL_j 

4 fl "i < K J_l_3j jj_JI_ 5 j_ j-SMjJI <_fl Cujj ___" (jjiS < rt i^'i U (rtrtn jt JL_j V 
ClljjJI jj_*j __L_ fj — l-U jUjJ J_4*L_j |<J 4jI j£^jJL jjJls.j <*Ui_£_J 2j__L<_-i 

2JUj Sjl_L_J1 (jj_JL 4j_j jul. ^T) (jj^-Ull jj_J1 j* __JjVt __lj____JI ^_ Vi 

jjjJeuJ 4j_L_>| 4___l — __, (^! 4 ,,.rtt jjltlj r _L2j ^Jj t (Jl__CJIj r L_JL r _J| 
SjujJLI 4jL_- Jljio 4__j *L__-V! j fUj£J! jjkLUw 4_Sj__f (jiCJj j_____ , l oj__ 
L__- 41^ 1822 f L__| 4j_1XI 4ax*j>Jlj 4JUjJI 4_*U 1 j^j-j C>') 
(___ 4j — __ij__| 4j_yj_?_ , | 4jjx_ju |jl___ J___ i_uU.| 4_jUj J_v| (jjSLJ __j|jJ 

cx_j_l ( 1844 jjJjj27 ( >j______U(>4 : j_;I 4__Ij Uj_j_j.(1830 r LJl 

(j_ jLlcL 4jU_ <_ijL_<f £-4 — t_Ljj V . Jj1« 4J _y_J (_ ..14,^ Jj__ 4jjL_v 

_j!jj ^JjLJI l_U_ j_Laj - 4jj__ 4_U(jjj L_JjJ» L_jxi SjLLsJI __jj__j . jj_oj_JI 
.5ju__11 ^jjJjJI 4_*jjJ,1 (j___,t _ru jja (jj_lt U-ojJo _^_jj 4jjjJ! Sj jU;t | 

jHA-uJl <Aj^|j_J_>__uijjj_U ^jNi-tJJ 

fJL_ ______ (jjltb 3j___ jjjJ-j JUu» __3 4_J_J1 4j «»njJI 2j__kJ1 

20 ___ djjj — lujj_»L_ ___ jjJjJl! <(j_ijjLjjuj (jjj — jjj _gjuj— j-tl ?L_jj_J1 

4_uljJI ___ _>«jJLjj_iJ Uiu __-5jjj il — lujJ— 4 _jj! _U_. . 1779 (j»U(,<r? 
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Oj-JJJ .«-JjU^i <>*jJu! <-CJJ L«m . 4 -U- Jju 4^1 c^JLHJ t> 
t 4J1ji_t J--! 3j— _J J^lmU (J^jAllhU Vr**A5 '1788 f L-1 L_-_j! f - 1 

^L^o^ -L^1j i VL___jj! SuwU^c-A^o^jJu U 1796 ^LJI^j 

£j_V_ij .4_-1jjJI -__ajj__vfl JJLuiJ ^l^ Ja*J1 4JL j-4j jro- (jru 4i_Jj- 
t ^j^j__--< ( ^i4^j_-j t __^ ^ UJ1 ^ L -mk 

jJLoj-u. ^oJ^Ijj *L*j<_1 ^JL-t j_*! <jj- i>° Ij_-_-*^ JjT cU^ 
4Jju___1j c-J-JI -___& 1j_-L_- 4 ,„„i ^ ___JL J*_ <*j (1852 - 1766 

4j! ^ I; ,>L J«_JI 1 ju- JLitj i( Jj^L— ^ 4~-JI 4^ 
4_-j .4i_ >LJU 4m^« ^jJjjj-u Ji_L J807 ^LJI ____Vl *l-J 

, *L_m_J1 <___ 4^L_aI j_jj c_J_JI ^J--~tl Lj J-Cj-l- 
JU r | (CT ijj JL* 4-U . U^lu 4 4ujj^_-1 *U*j_JI 4-JjjJ 4jI _U <U»_1 
0 _> * ^-Uc j __<U- V jJ- <>*<-><< J^^j^ 4j^U_ U^i 1jJ_- <j_- J . L-_Ij- 

lj_vl__. ^ J_lj! <>* 1 j_Jj I j^J • er*i- lV» W*Lh~ ^ 

<Lu>^ 2lJL_^j Ljj«_ V>.j„ Jj>! <-iL_jJL1 (jl Sj^ 1 

^ LJ1 _y» J J^lj • *d>~l uj-- 1 - *-J---- U J5»jT 1_-Jj j^i 

_l___1 v___ jjjt-i! v_i jL*_J1 0-° 4---L- o-J^il^ -O^ ' ------- 1810 

^ , ahy-c,--^ 2000 o-j- il) 1 ^-^ 1 j- -^ 1 
^_ ju_jj ,L>_I ^ ^jji-il _-__ Ij^ U-j-i £_*_ Ij--j ^(1812 r ui 

j! 4jjUj J___J u^ihh! ^-____-1j * U J_J1 J 4JJ--U 4aJJ _L«n_ Ur^J^ 

^jt A >t *\c <»*jj^ 4jjjJ1 ubj^— 1 Jj 2 - 4 <A Vj J-^ 
o^^l o-L-JL Ujuju- j>kj) .-J1 J-T a-jj-il j__,L-J1 gj**- 

4jJ_*jV1 4>»jJ__J11 L_u! jJt 4j! j-^jJL j^jJ-wj .(^jjJJ^JI 

Jj_ Jjjl_ C-dj jjj^» CyA ^jJI ^ 4 j--3L__J ^rtjMrt-.t l u-jjj-IJ 4-JJ_*J1 

^j^.jl-.l ^ 4_l_jj o-j^Lihhl ^-L--«lj ^lj 3--- c> L^IJ-*"-"' 
j__oL1»J1 0 _^ IjjJ-. IjJJl*jj lj-I>J(j1 *J— -~ll 1j-^^c9 L --- i^ 

.^jj_LUJ1j^j^1j^jJj>-ljfji^^^ U^lV»J--- *«SJd- L ? J,n 
j__,L_*J1 oUj-a _-JI J^jlN C7- ' ^ J^ ^^^ 1 ! ^ 

2LSl^.<H oolj-JJI _>u1 — -«t _r-^ «J— "t» cr- U^aJJ 
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(^c-Ul CjIjJj-c u '*-*J*') «^L_u_vjJLk» t«— -«I ^^-jJbj^-u JjlLlj <4 IjLoIJLI 

J-£~j1 <___- L__jL J — -Uj i._j_Jlj f jj___Jlj JJ--5JI ^Ojusj 4 — cg-p j eja (_____, 

Organic Chemistry «4\jjj-___JI ^LuuSJI» cjU_1__m__v- L__sj! i_d_. **U__wVl 
<juUI 1803 ^LiJI (__-__. cjjju-oj .«(j^jj-JUj <Catalysis «j____i__*_JI»j 
_;jJ1 j <Textbook of Chemistry «^LajSJI <_-__ £_>jJt1» 4jL£ (j_« <_-__JjVt 

<L*_Lo j .^tUMI £ __1j 1 jj__j (3__-»"J tc_JJ_} Juu 3jjj-> CjLajIo 4 La CjjJU-o 

^ Ijjjju 1 1835 f L_ jlII (____ 4__L_j j_jj (jjjl J c_-__J JLjj u-tl L_iLa 

. JjJ___JI (J-i-lj (J^L>-|j j_> J-_J {jjh 4j (_--___jsj L-C J ' r tj^jCtl (jLsw 4_>___- 

jj.iL_.jj_i l-uLj 

I juk (___» (j-a-tit-a j_-vT |*JLc (_£*_J Vj) (jj_J1jJ Vj (j_*j-tljjj_ijj (j , < <"n ^cJ 

3j_t*__ ^jlSj (___» L*_4 LTlaaI __■ crj-lLtl <j^j_C__II Sj <__!__« iU*a*iU (jt (<jt __JI 

^JLc (j| Vjl L_fij_»j .1811 ^LJI Jjis- 1 iftr Luua C-_CJ cj_---llj 'CiljjJI 

c_Jj_>! (1850 - 1778) e-lL-jJ - ^U. ^-jjJ -J-jjj^ <____-._ j-_JI *UjSJ1 
4U J( „; jl*_g cjljU.1 tf . 1809 r LJI (> j_ ^j .1808 f LJI 

(4jjLc (Jj-5-Vl __A C-jl_? Ij}) Jc.La-JI ^jI jj ^_5__>- (jtj *(*-»-->J1 (J-/L-.I? <__JLc 
(jL- yw . JLge-jj c-lli. Jl_Lo . 4__cL__ll,1 CjljLJI f L*->.-J -t-^ . .. > j_*j __J_£ ____Uj_> 

. eUI jLstJ (j-« (jL*_*_>. g**'-J (jrt_s______Vl (jj» JLs-Ij jO_3E_>- £_a (jrj-^-jjJU^JI (j-a 

(__jjjLoJ Ar*i CjljLiJI ~-j.q->. (j? C__*___>j! -_>jl-ar?i,j iJ.L-i.'*^*-'! I JJb (jj-L-lj 

(jjj (j_va Laws of expansion and compression Jol «i^-M j jj *_J| 

jjjU? (^L-ajV 1 ^JLJI ((JjL-JI -_fll I £_« i__)jL_t_JI «jL_b __ot__fj ijuil 
,181 1 f UJI 4^u-L -Jajj-UI Aju> jia (jitJ (1856 - 1776) jjjL_.j__f 

jJb l_4*T (__--JJ j-C (jjl t^taw ^J^ 56 ^ 4Ujji>3 3jIj_>. 4_vjJ (____ 4_>_J (__--____J (_$jJlj 
-__x>. (j-~Jj i«oL_jj_>.)) 4 «K Llgr. JL5t____ilj . ^ ' - ^*' Cj1«j<«>iH -tJLC (_-J-_- 
CjljjJL (jjT-- 4_jJj_i Lo JLs-lj (jT (___» (___u_l! «SjjJI» SLoJ-i (jjjJlj ^ Jl______j (jl_> 

1-4 Lt_4 _-i»lt <(^j_>J|» 4_4__T JJ-)L____J__? ^ JL9-J Ullj .CjLj^_vJL 4u*\ LiJ 

j-j-JI -_-j < 11 J*-_j — 111 nlt Lp-jjj . CjIj jJL 4juuu Loj oL-jj->JL (jjtj 4 ■!„<,« *i 

^L>. -__L__j_>1 jjjL__j_.f (j-oj-9 j uirtj .c_jjl>JI u "-->>u^vt ^ l jLiti l_VL 
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(jrjJj j ^-J-C, (JljJ^J (ji_*_ut!Sl (-iSj^ lj$ * J^U^ *(jL-> jJ tlt-cw (j-« <-JI mjj - 

. jrt-^jjJa^ll (__Jjj_>- (jrJ-J ~U-mJS (jjSLJ 4-dl , <t *nl (jSUj ^jJlj tj m<«ll jjj» 

jL3.jj(jt L^J (jSUj (uJj^Vl juu»U*JIj) (joe -*__Vl (jL^o^iJI IjlaJ-JUjj 

jjkj) Polyatomic molecular form ol j j_JI 5jjl-_u 4_ujj_>. Sjjjlo ^-.Ja 

(jt 1 JlA (_yitj» .^-UVl ^-JJ a i -I* 2j___--. (O o<tjJj 02 4JUJI dJLA ^ '« 

jl».|j <____ U t h,*.ik> JjUj o_!uj_>. (jLjj-bej cj^jjJLi^JI <j-« (jh-4jfc>- 

J_U Sjj ukJJj Cj^^mSS *(jjj->- J£ (jL-i <jl Jlscjj UjlIc, 4jfj iq_-"*r _*_SV| <j-« 

(jl^ UJ_u oL_jj_>J1 (j-« <L,.4<fajj _>jl_JI (jj^iJ icrj^jjJu^II oL_uj>. (j-a ^jj 
•u_-»-jjJ*4-J (_JL*-->Vl ,<jfc>JI <___* JUJt 

.^H^+O^ ► 2^0 4jjJw>J| jj*jJL laA (j-c j-t*jj 

3U} JJI (jljjVl £a UijjJ fLJj ^yajJt 

ijJjjJI (jloj-aJI <j| JjJ-J1 (j5-*JJ *c_Jl ju*3j ^JLuo jjjli_j-.l jl£_S&l jJj ^J 

jl <*"i*3 VI 4 a J rtl (jUj t JjJ-C. |_£JL* ^^yJLc j^ju UjL-u J", *__*j ^Jj LjjJu JUjv 

<_jjUelII (j! 4_3jL_La (\_4 L$J Lj . (_p3j__JI j-ilr^J (jl I fl <*v <ij ^lll cjjL_*jJI (__JJ 
*>j_L-JI «j_& j_%j oJi-U-l 2j_S__< (___--. c_i__JI (j-A*J *LaJV UUj 4-Lfll_C C-jl-C 

cjjIjj ^LJj __j___uj»J1 *l _-*j-CJI ^JLc L____>j * 1815 ^l *J1 ____- jl . I jjj__u 

^l^J SjjjJI uljjVl (jt J\ t( jj^b jj^. <>. L___^__ ,(1850 - 1785) 

1 1 jrtjj t(jg_>»jji tj^lt _£j jJI (jjjJI oL__cl <**>« JLjjL?fclJlj 4_}jJL (jr* j -_---_jJ1 

Llmajijj» U-TIjj (jj-^J (jt [j^Uj L-jj J_3jV| j-t-aLuJI (jl U J_JL__-_*uj I )tj i*-> I jL-b 

(jj-flJ1 (j-4 JjVl < rtinitl J*M->- l_-Jj-?e-JI CjI juucu (jf JLjj . (j-L>-jj Jij^J I ^ Lc 

(JJ^ J J-*J (_-i-l 5jjJa-« C.LA4-J 4-5 jUJI 6 j--b (j! (jUJ UUj (j----Cj j-ulC ^-UiL-JI 
(j-Uj V 4jjU»j-"JI ol j (**"tl J (*->nj O J Jltsj 3j-u£> 4jjJ L*t1jjt (jlj "L-j ■ ■ """j 

. (j^jj JLjjjI) (Jj jJI (jjj_JJ 4_Lal_C 3jL>.j (___9 Aja-tA-ua oU-^L-_x4 I &jL*L_-l 

4jI ju j mif oljj) jjL__»_"J1 (_j-LfuIif(l j_4j ^ U a *<*) (jjj Mittl (jj>--JI JM->- (j^Ij 

JSJ tijjJI ujjJI jli 'L-u-iJo U*>L__*_.I L^-___*j (j-c 4jjjJI L^-ljjt < *il"Vt 

. jJtlJI J_v (jSLdl t((jJ->- JjJLj-^II (j-o 3Jl>-Ij 2jj (jjj ' * - '"^ 4*3 jJL j_6 jul__. 
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u1jjVl ...y,- ^ ULl^ojjum ^JI 3_jjjJI utjjVl ot I— M) 

4_jl«j Cijljj u! ^j U*j ^ J--^ J 511 ^* 

. CiljUI WJo jl jiJ ^jj _< j-_Li 4jjj 

<4__1 jjj 4__j <> U$J >Ijj _^<«-_-jJI <*Uu_CI1 ^j-^ 

4^3 (( jj3(Ju^> Jlj-Js (JjjJI i£ > <- > «U ls^ ^**^ f OT U— ^ 

f_J__IiJl (> JUT J^^ULA JL_-_ C_J--~J U ^ J^-U^J^^j^ 

JS oT J_j-* o*J uA^ uj*^» *UUJ1 u-* M .^W*jSJ1 
*U1 Ji_ tu A*JI .4_£L_-jSJI jI jJLI 0» j^jj^ o_j gjj* c^jUt <«JUJ1 ^ 

-_W>U cJj-»-- Jl3j _jJ--U <y_ L_J jJluj 41 jV !.n (jS^J t -iij>-11 ^uij 

jlu_ (jllj <(>i ^T jT j-~_J1 jT 0 L*-___V1 jT jlj^Vlj £_*j_JI) 
^_u_ji j__« <>Vi ^A^i j .^jVi 4^u___-_Jt -aiu. <J\ ^ jj>^i 
_o__-l_j o\£*t ajjju^Ji b&3 *2L>!>»Ji J*w uu: jjJuj .-.. a^i i jT 

^j^Jtl oi *__*>. _*1 .-oUI ^ji c*. ji^i W-JLc. uT 1807 f UJI 

-U_uj 4_uL_JI 4^j_*-fcJt1 Ulu ;4_i_-. j-ji- oUjJaLeu 4jj__-_- -tlj-,1 u-« <jJjVt 

.«^j^),j «^j_-__c V. ^l U«jU jiU j& .4j_>JI oUjISiUL 4j____JI 
LgU-T* J± 2L4Jj^ .-bjirtttl _*l j_Jtt oT L=____»lj ^>T ^Um^JI jj_-_- £— *J 
U_jT ..L___c1 _,_-___. u-__j.4j ? _----J1 j^ jIjJLIj^ tj^j^T^L^u-^ 
^ykj .SLpJI jT <«4jj-p- Sj_-_» Jj^-jJ -L___uj--- 4jj_-__JI jljil uT— ^ 
__j_ _4___. 2u_>J1 ___L_jI__1 ^^Ja jjU* j^ J*»j *U*j£JI cr-^' 

.4_pJl j-ji: OLSKJI 

^jA^Hjj^ 

j^Vt 1 Jb <jJLJjJ iJa^i 4_pJI CjUjlfi-Ul ^b- 4jj----tJI -^ljil (jT *^yi 

(^U^I *U*jSJI ^JU 43jU=_« < rt.y^l Uj-Lc 1828 ^LnJI (> 4Uj-« sUL-w 
, rth->„ L-sjwjJ .-jjUo 451 jj>i » L-.T ( 1882 - 1808) jJUj-s 4d-^ 
5jU q_J--,m.i JjjIs (j-c 4*.l_ui u_Uj (JjJI oUj-U jj-.!) IjjjjJI uT 
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o_ljMf#«fJ-II 


3_La j*jjjjjiVl CjULuu _jt <_J1juT t__jjjJtl (jLSj .3 t-n m itl ^jjjjj.Vl CjLL ui 

____, SjjLt l__J_sJl I JUb «JJ_3 ___ «^Jt^ttl» tJlJjJIJ JUJU (jSJj t4jj) j-tC. 

.SLpJL 4j_ijjj_a J__5 <j__i I jlj-a _y« 4jjj__c _1 j-4 l_l<-Li._> 4_jLu<- lujI >_ 

Jjjju 4 i*-tal_- 3Lp- 3j_Ll .Jj>J V <jt j-l_- £__.LJI (JJ--J1 4jL^j *_« ljt.ua Ij 1 Juj 
<j__ 4jj i*^ttl oL_jJ,l (jlj\jL*j itirt^ (jLcuTu <L»j (jtj <4jj i^ttl »L_u_JI Ji-lj 

(£jJula jjS-> U LJL_ 4jj.ua.0l CjI J->j-t1 jt L_$Jjt .4jj.ua.0l j-tc. CjI ^jJLl 

. 3_l__ 4\__Ttj-.a j___.L__ ,jja 2j-|_- Cjljj ____ _;jTt«J Ljuj9 Hj*jj>> c&O^ U 

4 njrt-wtl (___ J-Aj) (jjJj^-ll (^jJ^. (_g j""**t 4-Jj i^tt tl l_iL_jJ,I ^jij-y (jt l — *J^uLj J 

_L_-_!_ , 1 Ui" > nl t juu L*jj3 _jj_ l_3j__ _«_' ^(jjjjiUI __lj_ jV ^L-JlL-j i_u lm 

.(_Jj_v| (jjJji» __ljj £_«J (_£jJ--Vl ClljjJI _y- jjjSJI £-« 4-4-^J SJljJlc JjL_jj 

LJUJ| J (jjjj^jl _--_- (_gj (_yjji ^J^LJJA^t CjLL L_ «jLl (jt | JJt (_y (< 

J_* _jV| (j-« J£ _> _;L) JISj V 1 jut> (jt Jlu - 4\jjj___, 3_U I _jLl__L (j^l 

LjJI (j^a 4_*__' Jj|jL>. 4__L__a (jVI L_-<j-4 £-JJ-->tj . jLkjJ^ *__dL____'l 4j_u-I (j-« 
.4lfxurtj 4jji?-ir jj_- jlj-4 (j_« J-**X1 ^ DNA 
*_,j->- <_;? j_b (Jljirittl p(Jjl*AJ (jVI (_fljjm <___ljjj»_JI (jt j_i jJL jj J_*j 
. 4_L_j_aj (jjjjlCJI » L. « m -T ___> 4jj irntl » Ll » j - C J I (jtj t(jj — jj_> _--_ _g j* i j cj 
(jrjjlj-ai! £^__**_ L$jtj t_jjJj_>J1 ^Lla^^Lu LAjLjlLcL SLpJl (__Jj (jV1 jJcluj 
1 j__ _Jjfj ._jLljj_»Jlj CjljjJI ^JLc ^Ltjt JJ» (_jj3 4loL*JI ^jjLjL^mSJI 

J}L>. (_;, — uuLul J>>u tijjji». (^yJj t(j-uVljj (jjjjl j jLSLe! ^ylc. 3j>Lc r j-CaJI 

LlJ ^_U3JJ j| — (JjSJI (^ 4jj-jiuJI (jL-5La (^yJj jJ^»JJI (_y^ J-<uC £-LfLlll (jj-dJI 

Jj-jj ^yl^. JjJj V jtj i4_ulja->Jl 4SIJUJLI (j-4 *jj>. I ut (^«jlLJI L^Lstuj^l 

#j->- (^j-a luLLjJIj oLljjpJI (j! ^LlajSIJI LJ ^_lo jjj tSLusLi. ^jju j-wlJI 

.4ju£>L>- dSLp. 3jj9» (^yJLc JjJj (_^t (jjj *^Ljj\-uiJI ^JLaJI ~_ya, 

Valency>iLCLIi 

C^^til ^ 1 >Tm jjJ»Vl <?jl & Jf? 4_l3 <_jtju jJI l___jJI « (j_CJj 

(_^j___JI (j_il j___ll J_T (jru C___ujIj . __lj jJL (j I «**n Lo JS^ lj_p-t ^LumSJI 

^LiajSJI ^JLc j_3 _1 rL>.L__L4 julj 4_j__iL__t ^j__L_l4 I jjiLc _l _. jJI 


75 



J_ ^lj J^ Jj* (1899 - 1825) ju>1_>1> 
Sjj^ jLu^ >*j .Yalency j____1 <__«b _\>~ ob U Jj_~ js~ 
«3j_ <ib* L_^1j ^u-! US.j! - j>Tt_* ^ U - 

j£jJL j . Cilj ju jL__VI ^ U j_^ki olj i 2 

cii^jJ ^-Jj^l f bVt J}U. _^jl_-_- I 5j^ oUtlU- <jT 
j^ ^jJI j Equivalent jL__* jjj--- Uiu ^ ,:__«_— J1 
bj-^ 1-b . rJ JI j-u-I j*-~l c4 Equivalency «^j___il» =Ui-* 

ay*£ oi c^uii ^ jj_* ^l^i _t-w;vt 4iL _j. <>- 

u Jj ic**-~^ u- 5jLs *b Up^--- 4 <jbj— ^ cWJ^ <>* 

. 1_Uj u^jjJua aiM- 2Uj__- oj^ c^JJ^ So^Ij ^ 
(1892- 1831) ^jL___yi j^ jJL^jT-^1858 c-Jl^j 
j:: --t t _Uj_, j___»j *bonds _uljjJI Sj-* ^L^SUJ f--> ^ 

1 1 cj^sj^ J^i3 ^b- 1 J----I (j- 

Jjs _J J . _j*t Sjj £A 3 Jo*1 J Bond 4_]flulj o±s& «G-^L <jt cr- ''^ 
j*j ^J-J Jj_Aj .UC-^b C**- 5 0t Cr^ 2 i *T '"^ 1 

jr; r .,.«*! 3ji «o-s-» *c*PMj-* iy* J* Oj-* * u 

iy _Jj iH20 *LU LjSUJ Sjo.1j c*^JJ**-~ S J^ _>LujVI W_^j 

J_L JLSjj .OjGlojb c>L--*-- ], ^ H-O-H Jj_ ^ *=--- 

aj_«u ^o-^J _u1jj -Oti <jf cr^ < 3 c^JlP^I J-a^oi 

amonia Luj*! £_J ji^Ij _£j <> cj^JJ^ ^b* 

, ju^Ij j___ ^ ^ji o& d»1 W -MjJ-» O^J -NH3 

O LJjaj^j^O^c^^b 1 ^ (> J 1 ^ 1 Lsr- 

,a__i* _uijj ^j! <jj£> *4^_3 4j <jUj*.=o 
^jtt <> ^>- ! oj-d^ ^b^ c> a i. ^u ^iji* 

jjij^ j^u fjj oj-^< ^W*^ v^ ^ 1 ^ 1 ^ J^J 

Ji_ ^lj 2l£jJLI ^ujij-Jt obUJV! ^ c^i J^b cV-" ! ^ 

OJJJ-N Cilji C>» cJ JLu p! ^_JI ^LumUI Sj_- 

^ l_ .,tf>_l «>. >_>i <^>ju^ JO ^'JU» oi^ jt (*) 

.0 = C = 0 U^^-j^i^u—y^-ICO^ n^iB (> JbJI 
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«LJ_Lu__ VI J_uljjJL 4__»_U (J_>-U Cil j_ -JajjJcJI oji^j 3<jt A-. * 

Jh?__. U-1_ 2j___JI (jSJj < j^j-^ ti^tj j___t j_kt_ .3J t<il<iitl _-jj_%. _-__. 

^ji^jjjjs ^^cttjj-oJI #.LlojSJI ^JLc (Jallo^ j__j (-lcj 4i±a Lkj __j (jl 

jj^c-_*_- LkjJ^cr*^.(1896- 1829)<^j_L- >, „ ,rjf 

JLcoj ^ L -^La 3 j___ (_J| ^Jj-LS»* Jj-»JJ _->ljJ__*-_i <_» JLajj .i_J| j_u_j jJjSk 

_____>. ili^ <_!_. _>_-*JJ JajJjJ (jf l^)<flj (jjJjJSJI --1j_ _)t J 

(Lu_,l _u_ >___£ (jj-_J (jj-jj^ oljj c___ ^ -J_L>. <___ jSST ^jI _JI j) 

_-L_La_) (y>. j!) (Jj — >-f CjIj ju J_wjj_J 4__L»JI _,_» 4_jL J___i1jj -_4 

.(c_tjj_J _Jj_4 


> JJ I^UJ {Sj^itt.jj UL_/ 

G_u>»J<j *I*ljjJ» a^ ijj 
cjL-Lj — uu^. 4jL^j ^JjSLjSj jjj^ j_£_t J— -~ jl_-_f _jj— *-» -_a 

JU__t __)L___>1 Lj jnV n. Jluu (___ c___jJ1 (jL_ tj M.r £_ l_1_J| (jjJUI 

jjlj\jjl^ j^ m/ihn, (j_? JuaJj .^jt int l LgjaL-- L$ju__uj jjjLcjial 

4_a__>j (jSLoj 4L_9 L» (j! (jja ^c, jj| (jjLcj *(-_-_»! _>___* __JI 1 j__ jj* 

-_<-ti-_j ^l n"i ih^U 3j_lL« 3L__i__ (jiiLc 4j? VI iJ_u__x<_i Jn^ 4_L» L_L__jj 
_r-J 5LJ_» £j___jJLl t__Lu_ _}_, JUatj _jf *1 j — cj 2_«jL_u* LLlL-, Jj__j t_j 

L^i^J 4 >^-" --J^j» (jjl jj'j — .Sj^JLI L$JLLl~ _>--ju _, — ___i 

___ 4_vJju _, 1826 j-JjJ 19 _____ 4jlfli^-> ___ j aj_JL Jl—JIj^ 

1845 (j-4 Ijjj ___ J-qju» J__L__q J_wu (jT Jj-J _>_Jjjj __IjjLj j^ajjJL 

(j_s___ £___J1 ___ -Jjl — 3jtn<^ __!} _dJ_ juu _Lcj . 1847 ______ j 

Ijl_ ^jjL c_LJX ^UJI ojjjl^' (»L___j jl-o J___L_J1 j j_4_J1 
j*L_JI (jj____j _ry>.jjJL1 cJU jw _-__J1 __L__>L__i _1 4_vj^j (j^ t*.J_>- _j_<mJ1 

(jl_: jjlj-u-i Lf (jt l__jjjJLI) Ljjjf<___M<__ljj_JI 3; ,,,))5jL-j 1848 
3jjj___JL SLrsJI J__». ^jJI j^VU2L_9 > __JI j_iL_ < ,1^;« _J1 j__>j J; ,»j 
^_|j__L i-jLii <<&^ jju_9 d___L___VI J_____ j_*j .(j-UIaMJ 3 jLI 

Jj_-_iaj* £A (J_vc c_-^- *_H-jL _-___,! (--Ji t_-A_ _J_J1 jjlj__u_i 
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^toil ^ >L ,.,<H ib—t ,(1889 - 1786) Jj>~-^ 

1 185 1 r LJ1 ^ LJLajj ^Jl jj ^tj 

j^U 1855 f L_Ijl <> t-Jl -LJ\? t ( *\_-Jj^ 

f U1 *L*aSJt jL^ <J* ^j--» 1 *^1 ^Lh- 

jju^t jjjU^! s^j '1885 ^ LJI ^j . 1811 

j^y.tl ^jt (Lu^ U JL> 

S^jJ.1 JaiiJI ^aU^ U^j-j) oli^tjoljjJI ^ru eSj-^J^ 
^ ^ CJ -^j *(jj^J*U uj^L ^ J-l *JjVl ^ljoJI ii- 
^L-Laj c l**Vt ^l J-1 j^) otjUU Jbj~U1 ^j-J» f 1^-— 1 
4^jJI Jjj^ M---~J JJ^jM l^j .(^1 ..o^ 1 

1_,| j£JI ^jj <<uj .(j^jjJu^JI 3ji Oj* U^>L^ ^Ae>>Jlj 
f UJt LuU! ^ ,jj— -JjK <> J^> <> b t-^ ^ 

^ oi ^l jl<LJ&1 jj-u bjj^ l>£- o^vj * 1860 

.jjusUaU ^jj jJI Jj-^J1 
^LJ j Juu oIjjj .jt-<&1 ^ Ji^>t jjlj^i^ 6^J 

^jJI 4J_u* JL^ lS^LjjL. 3*4* 1860 f ^ 

Lvj_^ ^j ^SdJ^* <^J-L r L_J^ ^ ^ 

. LxJLp>- ^LJI J^M jj^ ^L- LJLLj ^ ^i 
jjljjl^ Ji_JL , JL_1 jL^ ^--^l ^ * 1861 r LJ1 ^j 
0\ J^ « 1871 LJ1 ^ _ILa ^ oa^ <j^>Jb ^ *Lum£J1 it_.f 
JLi 3j>Li 2u*L>Jb pL^jSJJ I^L-I J^ Ljj J2I1; 

jUjJI ^ IjJ^ c^! ^"^ 1 
^ j-iLJI c> Ljj ^ ^j3j .DLjJI o^J^ L5U cilJijou ^ 

^,^ 1 ^jJI S"^^ ^ ^ ^ ^ ^ 1910 ^ 

.ciLi 4JIJU V ^jJI j^JI 
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i^jj^t Jj_i^1-_>l___>____t 
OjJ-^J 4 ____.! JLjL-i 

L-.i_.jj3 t Jjjiadl) j-i--> j^jJjJI JjJ_>J1 (j___uI jt) ___■! ____T1 _L____ 

l^iolr Lal — _u__tl <jt JL-*_i c____jJI ___5fcjj L_j_Jj L_J| ^-iiajJ UjuLc 4j| Iji ^J-aj 

^gt^tt J_-L_j — jtUitll _>~ (^jjujl^. _£-iLt (_____ -t_wj Vl ____- (__j_j Ijl___.1 j 

^uJlSJI (J_jj_»JI L__jL>. (j_ j_L-J1 ^Lst__.VI _____ L--jI _jj->jjJ 1 4 K I j i^jAaj (jc 
^j iSj — __Ua jj1j_uL_' jj^-w __jL___J u — _ ij .SjuJLgJI jK aS?IJj .a j <~ 
jjLi _j_tJ _)J-^- (jja J_i ~-j__Jtl _-!_- J-$J_> tj Mif £--<t-J1 _)J--J1 __!_ m"1 ui j».ll_.<> 

jjj^JLuj,tMXtfj ^j^yi 4_>cL___ji ,U_v__31 ^JU ,(1898 - 1837) 
JSIAjj I n_<-> J^cj^^i? i^^jJijjjiJI jjLtll jJLc (1886 - 1820) 1jjjj__.L_L 

Ubt-jj <Lcj j! _L>_ _£j jJI L_4_jj (j_ J j___.__JI __tjjjj U l_1 4j! (jjj J 7Ti 1 ,i <\ 

icjjjl SjjjJI (jljjVl _-<-L>- tJ-__>L_J_II <j-U 4 <i -Vt < 4 J___>1 J_J (j__ ' * "'^_ Ijj--La 

U_" t j^_vjj 0-1^11 (jjj-ll jjjJI -_-Ll___i 4_uUj _-__ (_-_J1 <_jU4-J1 (j^L-wI __!__ 

-_lL__ 1862 f-U)1 ____ jJL__J ,(<♦)_»_- _MjJ___l*J1 jrU 4JjU__4 <J_Jj_- J >_ 

l3-_>-l ij ' J-* *Ua_- -_U_ c_)L — _-t JL>-1 J-Jj) JL_u£.yi £j-j____a (j__j j___jjj_jj 

i^J-u_J-> J-JJLJ L___JjJ_>JJ LjU> U-uuj (_-_-- ^Jl-U ^jjj ?-J___>JJ 4_j_4__ ~-j___ ___ 

_j$>. (j__ -Lul- _-3j-tJ (j_o (_jjj| jj__j_jj j __j UjL_C (jSUj <(4j j__3 (j__ 

i 1865 j 1864 (__ «Lc ____ ^>--»jJLl ^j--*- __ljL>_yi <j « aj _____ *jjjj_Lj 

(jjjJI i4JU 3j — _-_u 4j1j_H jit — l_i jj __Ui j-4 !j __l lj_u__va j-s-^l j_* _-__! 

Ujtj L4J c -J-«_o V (JjjJI Ujjj Jji-J 4-uU*jS-JI j-__»l__-11 c-i-uju 3j___3 jj 1jJ_3 
t__3__J( (jSJj . U_U-___ t 4jJ_7_j_ t 1 -Jaj-^^l <-jL|jj (j_ij UjjjjJ 4_jL*ju 4t M.T 

4_ut_4_>JI 4_L____tj (jULCJL 4jjSla 4_j_i ^___>j (_;jj| 4_L__L_J| ^j__> ^ --^ jJI 

^jJI ?.L_J1 (j_4 4JjjL Sj_c_ JUu (1884 |-U1I ___9 Vj jjLt__j Ij t 4_ulj<i_<t1 

j-UJI ____j , (_jjj _JI Jjj — >J1 l__ — _iu_U i»jL__cL < rtjjt^l*! _^ji_u_t 4j _____>. 

(_-ic (_-_jj^ 4_JI JU_a 3U — -Jtl U_-J1_-j-4 jj-i-^jjj 4_j_Ui1 4-i__4->J1 Cin-j.a 1887 
. Uj ^L-oaj 4jU__j1 ____>___ ^J Uit (j_n ^--jJI 

_-ljU_l) (___. -_C.I _)_4 (jrU _)_! _)_> j_V__j -jjj (jl J-_Utj _)t _y_»L__- J£ __J ^uMJLl (j__8 

_-- ujjL- ijjljj-L.' _)L_- 4_L_i ijjj _jj_ _jt _*_ i_J_1_j1 _i__>T _p. jjuVjj- j»t _)t _UJj . j_)lj_u_-* 

. 1860 f __II -_d_u_, ___ ^jJL_jLi 


79 


f_»fcjU 


J\ J**>» ^j-Jl _J_1 i K,V M \ J^jAC&r 1 O-^i 
<Jlc (j_*J **J-*J* _^ Cy» <_j__1 1 j- ul M -lSjJ- 1 Jj^ 1 

<_jj| .(1895 - 1830) j^uU jliy ^UAM *LjuJ1j 

^ j>uyi _l r L^l^^u^i >— *' ^ ^ LJa ^ 

j_uU ot _j_j ._jJj_* 5>5Uli _^j s-u_J1 1 j^J 4ilj ^UUSI 
a^))^jJLl *4— il_ J>U ^ ^LumSJI <*_ <> U__l 4_^_1 ^ 
^ Oy^X\ 0* ^ J U*J • 1864 r UJ1 j^L_1 4fb„Jl *Uj_1 
j£jJb jjjl»j .4jL_ L^j_£j W_j- ^l Jjl^j^ ,la_VI 

J *^** j^'»" u^l> _>UJ1 J_J I j- 4_,l_J * J J-i 

j^kj JLJJL^JI _JL»Jl I j_ <j_ u>— V 1 u- ^ ^ 'sP- 1 ^-uw 
^^j.jl-u l«_ <3--b ^jLp- 1 u-^ H ^ 
J\ 2L JbJI 4L_!1 ol j.l ,,,tl ^ju ^J- jjjU j-_j . WJj ^L-tVW 

^ 4J_ J* 1 i^.y» —J^ LpJ- 1 Jj**~~ ^ 1 *- 1 J-— 1 

r uji vi ujii^i 4, ^jl, ,j o_j ■ 1868 r 1 -^ 1 J*- 1 s?- 1 

Jjjj*JL! *jj-_ ^j- j_ c-LJj-U u- *—» — N *>— N *—* J>^i • 1870 
_Ulo_ J>U. 3 jibLw jj^t JU-t <j_ *<___ —jjy V j-j) ^jj-l 
0 V __2_ <j-J i_jJj_» 4.rt, ,,.L jifU _j_-1j *(j— - 1 uj— 1 
jij .j^jU U_ ft»f 5j_J* j-~J (JO-^ jl) ^U_J1 <^J 
.^jjjJI Jjj_JI 4_U1 5j«_1 j— - j-»L_ «^-u» J\ 4^UJL L_ 
^jjat j tt _J j <j-_ <J_ 1« Uj_-j 4^jj_» ___! .j^U jj^. oiJj 
. 1 882 r UJ1 ^ 4J1-4- — * «AhjJ^J >£ u 

(^ji oijj_ui ^L*^ 4i_ cA o_*jii u-^j 

." ( * J jJ_ c-^-l uj-1 *s.Liu-_ J>U Ljjjl v> l> ^Lu^' Wi^-_ 

jjtjui O-* ^LJI (> L^U^- (^ __JjJj3 jJlj- (> JuJ JJU (jt _J-J 

^ UiV. .«4 Jl^ ^-^ 1 (_ J - 1 cP>J>i^ 27 ) 1834 

^ juj . >UL j, ,t,f. 2buj1 o>j ji_Vt (>jVI jAj .(u^jJI — J j L__,jj 

V 1j— oT J^ ^y— 1 H j— ^ (*) 

_^ ^ .Jjiyi V( SJ—J ^ ii>— I Ajtj^t Oj^U: o— ij 

- . 1862 f UJ( ^ ^L_J1 
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__? f_ *4j1___.I (j_j1jl1I (^ji>»y I jJoU J_«__ ^jJI^ y^jl^j uLjjI j*-jjf 

__jjj_-u_ LjLa f_ Vl C_Jjj (<u (j^aj * j_ii_ Jljj V j-* i clu d j iaj 

Cj|jbj c_jf jJL ^ _M C___ul j 4_j___i _M 4JLcj 4 j tj j . * ^ jj£_M J___J1 JU_hj 
j-L_JI < _ ij J j U jjf .Sj — __S_) J>._ j-}_»J-J 4j3.L>j Cj__j_u__v« J*c (__ 

cjjjJj.iuvU.jJI cjLcj_l___J,1 J^Jjj^. j__>_ j_>1j ^L*j _il j juujil847 
<_]__ ( (___J4_£x_4(j_5j_i J___L jJL_> _1 j— j-M u U^jjf lJijjj2«jj L_jjL» 

{J\ CJ_^" m *Lb-M (jw- jLSJI ~i_--_4 ^J <<LJ-U CjLj___M _}_» p ^ jJI 
Jj___>Jl (j_, j^c ( Aj-JjJU (jSJj ,£jj_i#jJ_j Cul — u»(__]} 4jj______I tL» Jb- 

*Lut(j-- *1 jJiiJI c_i}U_JI J^aj^Hli^. . ... 3« ^l^tl _t « ^ 

Jjpu» (-3 1856 j-LJI cjjJlL* ^cJju» 4n«nt 4* _J Ja—lm 4_CJj * < *jJl__M 

JJjj <jSJj iJ____3 -_uL_j Sj Ar JL*J f-Vl Ca^jjj . *>jJlj JaLj (_Uj_- *4jjj_JI 
4a_u_ijJ| 4j&l flT* n ,\ Jn<Tt n .)j -^cjj-cj 1 j| j__>l 4__J JiLo <jl£ ^jjajj jf 

4_w-L>JI 4J > '<ir<ii ij * 1 — ubj _jf ___» j_LJ1 SjJL I u*j JU JaC j 4_)jJu ^cjI jf j_*j 

C_l___, 4j_,L>. *L»j_J1 _-_ jn i,_vLU 4_>.jj ___C Jj___-JL __1_J j Juu 

___> < rtjjt L*j>JjL>. J___ (jy»Lc juuj . 1856 ^LJI _j~— i <-', •-- ■ jJaj 

3_~j_->J1 4jLcjJ £----_>■ (____iIjj ^aLj_Lj (jir*it1 4-t-oLaJI ___s 4____»1j__4 4_u_»j 
_fl____uj__J (jrt-u-JJ Cjjjjj _Jil j___j C___ JaC c__u>. <£j_Jju_> (_J_j <j-JjL ^ 

^Lal>.Vl j_j <1860 ^LJI i>jj__tjl_ j__j1 l_LC->l j-«J_>. j . _fl j .^.j j< 

4jT (j_. >L___ t 4jjjjj>J1j 4jj jJI (jljjVl (j_ 4" Milj-Tjjljjjl- 4j_ gjj (^jJI 
t____w4 ^jj — l_ijj_j Cul — _j (_J| 4jJj£, Juu (, rtjjjj.4 Ji tlj . jj|jjjl_" (__J1 

43.J. JL_ J__>-j (4_JjjII (__ (____!! j_^_tl (__ 2L.LJI J |j_L___| 
4j_,L*j ,Uj_J ljL___l 1866 r LJI (___iij '.1865 r LJI *1jj_j_TjJ1 

___ L__J1 (_1_ CilUl < ( 1 t 1 ^J^s-l ij\ (__!} I j _) 4 unT<i (_ii j-Jajj i^jj___jJaj 

.j__JI (j_« cg ""i^ll J 4juL__JI jjU__u -J 4jf (j- -__;jJI ____ 1 1891 |_LJI 

(*-<_JI ^L__»j?j _fljj_> (_1_ (j^___>_l1 _j^L_J| _i__ (_J| _jLp_l u-j-u-j (_Ujj 

.4jjj (j_- j^Lj 4jf CjI UI int l Cj!j (CjI jJu_* CjMj Juuj , u „, jjJI ^-«j jl_Vl 
J_» ^aJI (____ll jAj t(j .in l rtU j (jljj^' '-. '"'^ Jv-— XI <,i'-^(« Ji Cu fi (j_«j 

.((oj_JI -jj__JL jjLj 20) 1907 j-LJ1 >j|j_Ji 2 (__ VXI 4___lj (jf 4_j_ 
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__-- .* jli _>* <j- M - Jjjm *>jU J- t£--->UJI J 51 ^ Ui^ jf ^Uj 

1852) <jU1j_, ^j_- a -rl.nl J_wlj -ju_J Uj-L-i- 4__Jj . 1906 f UJI WJ 

SJ^L^ 2LL>J ^Lal^l Jj^ 2uiXI 4__tljj.<jjjjl_J1 Jj^ f*JU Jj! jaj *(1907 - 
.(jUlj-4 tij^ L__t _)__*. U jaj) 4_u__11 Sj-UJ Jjjj 

^---j a (_J__? l__jJ-_J i j_jL £____ L-JDj- ( U__<1 4 . ntiit i JimUI * - J u - a j 

_^U ___i _jj_-^ <_-- j_-L_JIj u<*_--«,_-C1t 4-^L_..M _pU1» <jlj_Uj 
^lji-JI uru 4ij_J ^ _-Ji tJ _uL» Ju . J___>3 _LJ_-- . 1870j 1868 

J± j— <-uj • 4j___J 4__Jt_ *LM -dJij 4jj_JI L^ljjlj j^LbJJ 5 m 1 mj<H 

L^ljjL j_-_-L_J1 _>_»l ji- 4j_jJ___ _><-» ol j^? c^^JI ^ 1869 f UJ1 
jj,--»- <j_j L$j jj-iii 5 <wkr 5j\x4J cJujJjjU jj4> JtHijJJ /*\<4__jj_-JI 
___ _^j_j t Ujj__. — 3j___J1 <___ ojLCM <>jSjl — _i <j_^ _>jj->.^1 *Ui_J1 

J^ IU"" I jt.-w 4_du (l__lJl_- j— -uu £_a) j-__.L_J1 <_*jj jj 3-tUj _-_-! 4__jtj_>- 
l ^A-l _£jj jJI JjJl>J1 J& d\ j_*_- l-J j_y __o_-J i4-i___&1 ^ jJI J_-aJI --A 
j^jJL jJJL^J .-__--J_jJ1 L_Uj ____>. ________£_ *J <__lJt j____-L*JI -_j L-^ 

, ^lt^ -____j j} t |jL_j>. -JL-J_» C-j-S SjjIjJI S-JJJ--1 2oU--.} l_»LL_C. (jt 

c-ujj-^-Ji -dJjj J___jjj t 4__jjjJI L^ljJ^^J^Js4lP<>J-^ Li *- , 

4_jjLxu_JI _>_>Ij_*JI l_)1 j j-*__L_J1 -uv *£- j-__ 4_-jJ _>_aJj ^ i mii 4_l_U 

1_i__>j . Jjjl>JI J—i-b Sjl_wcI 5 j — «il_L4 U-L-iAj (___*-» _-J»jj 4____U_J,I 
<____ Ljj L_i___-.fl) 4jjjJ1 oljj^l J__j _*•_..> <___- l_-_jjjj e-_ c___jj_ 

l__v$_J .(t-JUJI 2j_L_JI ^ Ljj J_S_Vl J <<^jJ___-_Jl 4_-jJ» jL__j 

^ jjjjJ_Jt jl _d_J j Jl_u . JS_-__J1 _4_- _y» __»LjL_-JI _>_j L_a 
4_dlj_- 4J j-t___- j_-j tBrominoe oryjjj_J1 j— — _ >-> »L Tellurium 
^i _ujj V ,-jjjjJ-JI j^i«t ^jjJI ojjJI • --^ ^i-^iUt 3 jlU /H 
oUuL-JI JljJu) (jjjjjJI j_l__UJ ^jjJI ujjJI j— — — (j- ^ J^-— 
^jjJlojjJI Uiu, 127.60 ^ f j^j-_J1j-__u_J u gj_J1a3iJ'Ljt *_,---1 
. (4_U1 ^ 0.55 _L__J__ ja JjLJI ,jt t^T < 126.90 j_ (jj.jJI j .^«t 

. a J-at» uijL)» J jJj-^i ^L-C jjJuu^ y_» ^tj___, _____ J_u I J.J-*2 __Jjj (*) 

^ j-^l I Ju U_-_J ^ Jlj3 ^ 

S(___«j l-U J*_J (_-< 
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(_$ j t^jJJjjJI Li_j__>j <__ai_j <JjJL»JI __-3 (jJ^o__jL«JI (jJ JlA L_*JJjJ jjjj S_C ^UJ 

(j__-L>J1 <j___ll <J_up- '_.£j«Jj-J1 Coo t j-L«jj__J 4JjUJU 4_uLl4_j__1I (j_>lji*J1 

.^Lt4jSJI £^LL_ji_oV1 L--.U->. £Jj-_>JJ 4j 

J£ < njjtj-La \ $j\r ^Sk] ^ylll 3j — ooSJI 4jJ_il___J1 5j___JI 0 j_d> OJ ». jj 

( jjj___*J1 (jj--J1 _--* L4L4J Lstx_>1j -^k^I j! JUu jjjjjJIj ^-.jJI __jLj___1 
(ji-u j} .Sj jJI c-J-u (j V j _£_JI l__3_jJ1 jj_j iSljjJI 4_jJu ___S l__5*jJ1 j1jJ_>1 
<J-»-l-i 5jjj>.jX1 CjLjjjjj-JI JJbC (jj&J __-* Lo j_-___«J 2_^Ll*jSJI q*£>\ j_*J1 __)] 
t__LijJjj_J1 JJLC ^-JL*-»-) tjJtj tj-JjJl U-tJJ <((_£j jJI JJjJI) Sjj J-C 3ljj 

JjJuacl! Clj JL>J1 jj_____]| j| <jVI 1 trt t 1 ij . SljjJI (Ji~1j CjLjjjuj_uJI J___1j 

3.aLj jljl-l (j__;Jj i(_$jjJ1 jjuJI 3._Lj jljJo^ L__aj jwloLuJI l___jj _£jjjJ1 
j-^Li-JI (jf cjVUJ1 ^ ^Vl l-JL-JI ^ J__^>U1 jjilj .^jjJI jjj-JI 
£_l__j 5_4j ^jSJj . j__Cl ^jj _jjj c.1i l — ___j? <____> jj_^V1 lSjJ — 11 jj — -Jlcjli 

(j-a La J-*J <oLjjjjj_uJ1 (jj- J__*J,1 __J__ 1 J-ilj L>- jj l_$_i£ J_>o 3jjL_ CjVL__. 
I JL>. ^L_l__ 1 Al^cir o _£j jJI jjjJI (j_/L_wl _____ j___>L_*JI l_<-Ujj (Jjlscj _j( 4_t___ 
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1871 |_IjJI ^JljJjuJ, _-JjVl j^-__J1 j_u_L_JI Jjj_>- - 31 


CjLjjjj_JL> 4 — djJLA jjJ (jjfl < iij Jj-Lo tfj >-iT La J^ j_4> 1 j___A (j! j_J 

_>jj____ jLSJ jj-Sju ^jjLJI L_Uj juu jj_wjJI (^jjj L-tj^li (^ylll oLjjjjjjJJIj 

. 4_i__jL_j (jt — __ 4jt ui Jjjl_J1j -c__j__JLj (j_-4-i (^JJjJI JjJ_>J1 (j__ (J-sLshJI 
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4 j_j>jVI aJL=«- Uj^ <j^ ^P* t 4_iLu__| a *> A u a ; AL AJ ^\M^ 
Cr^ cr- 1 ' £_4j£ J— fj J— *-l Jj*-J J.^in; 1jujL_»_ cdJjj 

er~1 4-u-_JI CjIjUII j_Jjl_ J^l <> (j-L__1 Cy> Sjuljl* j|j_| 4^Lv 
_t_A (J-jjJ-M ^ys (jj-U j<i" ... lj .Sjujl>J| sLpJI VJ t .4 .... 

4jjL__-L (jruJI Jj*. _tLi_ Ujj^, £x_>fj '.1799 fL_II _^>. 

. 43Uv 4_lL| jl ,„.V» U (-9 ^J ^JuS 4_JL_t JJ» 5 ,iljtd JJ_JJ 

<Jjj_j jj_ ujOJIj» Oluj £jjj <__J _ot eOll ujL__«Vl (jHJ (>• c)t j^ajj 

ajajjjw 4JL-JI oj_ (j_> <<J .(j1j_ iVl <_«ju LL_vo (jl^ 4j| j_____U 

^SjjUL (jljJ^I j>y (ji fc i Vii ,«j V 4j? LdjJ? (jjUb <j_J , JjL__JI <_£■ 

al_U (jf < « V<< lj t <j-_1 (>a ( ^otntt l 4_uJLU| ju_ Lajujaj (___JI 
Ijjj-^tijjOt ^" '^ U^^T^jUjl.i-L- j-cVl (> ^Lu 

ajJMJjJi r W _*j jj-Jb tj_ 1794 juj^t 31 ^j .^j_lji*)Vi 

<4JL>J1 » JLA (jC Luj_u9 >Li>J 4j3 ^JLS jJ__jU ^ 4_i____|j 4_ujVl 
JIjjV (*_1 j_j) 4ojj_J1jJI 4JUJI <__L _Uj Juu 4_Jjj_ C_tu_l (___lj 

•((*J_JI f. L*J? jAJU UjL___ 

_J_, 5_jj_*J1 j_-1j_JL _jj__JI ^U_l (jj__b J__oljj 

_jj-« 3 t ntr> ^aJ J_»j j-»_— J1 _-Ji 1jL_*jL_j «4aJ_J1 j___1 Cj1jI_J1 

U_j_"j <__! *L_U jli-j (>_ *j__V Ijujlajj <____ 1 , w ,„t3 oljUJI 
__> jUJI _J 4J_L_JI 3 j____M JDU-?1 (_Li <_ jl_-__u ^J 4j1 . _jj_ 

U__J 4* jL_u»j 4__lj 4_j_- CjUj__->J| JjU <«_ 

4^j___- 4^jjj_j j__ _1J j Vju 4__j ^LjLw c^j o^» 

(j__j (j_. l^__»J 4 li^inr fl Cj Ujm i -w (j-a JJj^ jLJI jt^j «^-jSLuLL^I» 
(___4 *4-4_*J1 tfJ — -(j^» f-ljJ1 J jlu ._jl^_uj J j^. 

oljUJI W____j (^UI r Lj_*Vl (jru 4_>LJ| ^ ^ 0 f ^jj 4L, ,., ^ 
L_oT j__j «____Jlj 5jlj_Jl 4_>.jjJ 4_i_J c-j^tJ) ^ 4__t_U1 

jLJI _Li_> (j-* fJ J£T JUM j^lj ^ oljLJI JJL__ __^ 
(jjjl_ (_!! 1801 ^ LJI J_ >jjj . I^.^i l J_*-« (___ 5jl>. 

U-« £d>» « tntiX u 1U> 1 (jl Ojj— I— » Jj^JJ i4__iSj-*J( _j ;,,,rtJ| 
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JLl jLc JS jjJj ^l OD^LiJI £j-*~* j* 4jjU 3^1 j oljl_jU1 
l j 2ujUJi <ya ^!) \fl ...^ o^UJI <ya 4jjjU So^ 

J „ ,.*\ 2j|j_»J| 4j>.jJ 

(j?jjtfi^jj^ja^ J u>»' 
AjjJJS JtjjV < 0* Jj* 
iajJL c^K L_«£ (jjiil j j-^--t J *Lu SjUJ ol<UVb t>"-^ 
^UJI ^SJt ^lk* ^ 4JSJj ( 4jIj£l« JU£1 f u_. 1ji-j * jjj-*iJIj 
iSjjJI (>• jj^£jj<j^cJdj* j_. ^><r JS(j^ UUS ItT.rt a j — ^ 

^lj sjjyJll 4j ,,./> >JI au-,,..iati <jfj 1 j---*--i \±§i ty ^ 

£ju*.y <j! jLc Sj>Lc IJLA .j_-_i*J1 Citjj (jjj J"»"' 6^ 1j>---C Pj\*U 
cdJ i <jj_ UjWl />_ SUj "_j <jjjJI 4jjUL» jJj_a j__ -a-C Ciljj 

^SU» j-usUaJI oljj<jS-j ._-JL3fc-<,.M ^j^J-J V l^ljj__>U_J1 oljj <jl_- 
* : <\ <j*Uj U jAj) «Cil jj (>» L_j»«» ^j- 1 U^*J jt 

jj_j 4^jl_La (_!} <jjl)l - J^JJJ **jJ_*-* 4j_jj Jx.lj- J-j (^J» fJ— ^ 

j jLl_j ^jji Jj*_JL 3jS__t aju* J__»_ <«J <jjj i5, rtl" . VU j__>L_JI Jfu3 

^uJ jl^ a^ij aijjjUi 4jjl»jVi j>«jJL> ujui ^ u oL_j_- 1 j*Jj 

LL_- j^! J*Jj .(4jXu->U1 U$L ,„f ___- *Lb LiU_?j) j__»L_JI *U___4 

<j^ 4_JjU (jr^jjJU^Jt J_- j-^Llc u t lJjJj 4jf <jj_JI- £-j~w VJ-A» 
(j_J j H2 (^t - S_ j-La Cilj j <>* < ■ ",.„ J j (<jVl <j__i t jjrt.in UST) -jLLjj^- 
(j^ju ^ <yS lUU <<£>--! oL-^l J^- Sj^Lc i . t , . .. . I I I J^J *J-»-j H 
^UI (jt jj^j iljjjL^ 3U. tV . .. .t l j>jJI 3*jj «(A>*JI ^UJVt oLLui 

H2o (jujJj Ho ^jjs «-iJjj» 
uj^Jb ot ^ ^jJI c>^J 

^yS jjj 3 jSLaU J»L^ >c Jjt (jU iCilj-i^UJ.tj d**J1 3ljjf (> JJ Jx 

UiSj i 1804 jjLuj 1803 ^UJt j+^^^l jl^JLI 4jIj^U^i 

(jj-u^jJ ^Ujj (j^. >cj . I jjj* 4Wj 4-^ja jje-U (jjUb J^L^. 

(Uj LusU. 121 n^rl ...1 L*J jU^W ^^J U JjA» Oj->) ^J^' 
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J&\ £U1 <tuo. ^Ulkjjj U___ j_ Ujlju Uj 1827 f UJI 

29 <ya <-UL>. ^ *4_ul_ 4^ojl t^k^uu Ujj <4_lU1 4^ljj t 4j-MrtU 4_1UJ 
. j-vjJ1 (j- <jh .no A JIj 4jjUJI ^ jjkj 1829 jjU 

U*jj-j ^JjJI Jj_»J IjjLat <j_* JSIjl <j^ _,!_" ^j-Ua _J jJj 

<_t^I J^J 2 (c_»l_> Uj.. . ^ ) 4_uJjJI ^jjHIj (jjjs- SU-. ^jU .4^41 ^Jj ^Ja-uj 
(jrJj^l JJ-2-J1 J>U- Uj_* cr*WJ <jt 4_jL_J| *j__ ,____. oyCu (jl_C_;jL__4 ^l 

< er- ^jV Oi-I -> l)T *Ah- £-—LU! <jj_J1 <> 

j**^ lV> Jj^ ^ oh *-^V>**j- 

^j*- OiAii^ u-* 5 j — JJ <« <jj-tL j-^L jjjl^j. 1766 ^Lc 

-jJ1j-« J^-— ' <__£• jj__« jjtj <___-. $j>L_ £Jj- Jj-yiujj ^jj U miIj 
*(jL_1j t Ijl — i__ Ij_jj *L_ — jj 4j>Ij 4J (jl£ 4j| I irtjl t_fl jj_j tjj__Cjj_J1 

<*J <j_Jj t j_i_Vl ja oIjLjj^ o-C . j—mJI U$j jluI ( <5jUj u __j_w L_*_ 

o-* JJ-T f I J— Ual ^jU OjLS |jj I — o juij U ^k. Q>L> m.U J^l___ 

U_1j_>.j 4( jrt_aj_i _y» Uwj^ 3j-_iVl cJi__j * U*1 «_j <*_>jj|j J__j «uj^ 

(j^lj YJ-Ul^^I <^j-J1 Lmjj t 3jL_JI 4_Jj_iJ <_>_>! j_iVl 4o_Jj J_*iJ 
Vju (_jU_oIjjJL 4jUU__I jjj__j 4J ^ ' 1* jj_jj_1J 4__jjujj jj—Ilj 

Jj-Jj-Jl ^Ljj? J__»| ^Ul_l __s_4 £J_-fj *4__ujj>UI 1 j __• 4_L__ <j-o 

U <__!_ ^LLVI *___>>_ 4J j-bt ^ jJI *<jj____bjj jjjjJ] ___. jjj (( jj a„>J| 

Jo.j ij_v*J1 (jwa Sj n . r 4jj_J1 0j~l1j & UjuLcj .CjLjjjj ^ 4jjJ 
f LL_cJ j^aVl Jjl JjLwj 4 3j»_,Vl Jiwj J$ < t M'^>M (jt 4ai_ UljJ 

Cr^ -ili JJU (-» i4jjMc ^ (LoJU 4JLa jjS"! ^cjU-ju jl^ jjj) jLu__I ^jjj 

Ijuk 4l_c (_4__j («J jjSJj i^__ljl<» ^JU j_L_ JjLLo jjSjjSJI (_____>» jl j 

^-^j-Jj.^Uj^ Vju4_.|jjJ1 ^ J^jtlJ JjaOJI ^l^ln.^l U^^UUo 
«LiOj JatJI UjU_ _JJjj t J__U| J^jlII ^ » juul U CjJL^ 1781 ^U 
L7- '(Jrb^ ^JJ^ (jr^-J^J «4 "i^j^r *LlJ Jlv| JL_I — uu (jlS^jJI (jLLj^ 
Uit-o 1jJ_^ j_t_u SjJbjj^o 4JjJuo ^j iJljJS*^ jj_jj_JJ 4___jJU»5jbj 

tjjt j_.L2j Uj__ ^jjlLI Sjbj 2Uj>« (jlji^^l ^jjjj . jj_^jS_1 o___Jl ^ 
t-Sjj * U4J JjiLI (jjjj- jjjjlu Ug"-vf __«l_ Uuj ( 1 785 j*UII ^ ^jlII 
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1ula1a}\ 4jULO-4>I 4_^j jjjlaj ^ J*__ . 1793 f LaJI _JL__ jjjJIj 

<b_j| jJI 2LaL__ll oMjsJLI ^ya <__._-_ T ^jJo j <<j__. 4jUV t J}L>. ,>« Laujju 
(j_»j->. 4jj^JI jL___jVl jj-a 4_jjI_> 4J — uljJLu *1j_>.j £j U_C *<_dt_-__j 

.4_Ji| 4__.lj (__>j 1787 _>*jU 24 (j_« ^ IjluI ^kjjj UjJ L^.Lje-cuJ (_____ 
,j-4(j--jLJI ^-JUt JLjUJIj SjjJlsnJLI ,j-->>-JI *1jj -i-U>.yL jj-JI.- (J--3-T 
^jjuaj (jL --j-*__> 4j jJ jJjj __U jj <___*» JmU Xj.< ih 4J ^j^j V Jj1\ 4_l_u_s> j 
Oj-iJjj (_-_» c-JoJI 4__uljJ 4 iiK.J l__j_*_J _j-*T jujGj tl u >U jT Ual_*_-J UJ 
jT J>jj_a. m< f 4j_aL*u (jLsslNI 4j* --j_4__JLI ^jwsj <j_£_> pj ( jjiujSJI (jja 4*j_£Jj) 
< LjijA 4j*4*1J }L_4 I_U2j (jlf> JloJ j . (l_oJL£*JI (j__, jJe-_J1 (jia-ij ^JjjjjmS' 
Jjj*_11 (__i__ Jj_-__»_1J 4 — aUT jUT V <jL 4j__- Ijjl — il ^L&JbuaT <jT j__j£. 
<_j| j-_»Lx_4 ^uJlSj <___ (jj_J|j^j__ ^j (j-aj j_*__J1 1 ju_» J-*J *L_-jJJ ^jMJI 

jT _Uj (j- 4_.jla (jl_j ,_jl — ___!! (jw« >Ljl_a Ij_l_J_ LgLLu ^-Itu 4 <.L_ 

4jj-y- <_£j->-T 4_p-L (j-4 ^_l_oj (jTj JUI (j>a LL_j — _u L__uL_> 4_Lp-L (j_« j-Jjj 
U_ajT J^ AuJ L_)t jJL>. 4_al <Vt ^L-u £J — «-"jH <__!} LocjjJu J j .4_kJ_JI 
t— -j — uj 4 T ll<_> ^jj jJ 4_uj\_j. 4 -a- j* ?< 4 1793 j->UJI -^__»Tj -j"' ■■■ 
(^JB -bJL»-^ -_La 4-J-C^y- 1 U 11 4<i «nUtlj -jL.^LjiJ UJji-4 <4-JL*__ 

(jj__J (j-Jj-T jjj) Sjujl>JI 4JSJI c,j<i uij 1786 ^L-JI «•» t-. J _L-___L* 

,«-Li U-c LL-? Jji-L j' , ,, ,VtU 4JL__I juu jju_>Tj . u< i,»-i (__L-. _-___,! 

I JL^J J-uJu ^ (jjlll J (J-^Ljj . J| Jl-_* 4_JT (JjJlj *4jj>- jL-ajl (j-« 4j 

-jL*-j — uls^ 4jIj jL-W-JI <--*-_--jj mlj^JL 4_-0L_j ^UI jL_Wj 3 »j;L <_il _CJ| 

<"il « j , r i ^t 4___3jLt_JLlj -UjLliJLl u_jjll__JI (j| ti-u j -j i^lj^JI <"tl JLr— a 

jU*J (4-; i__V (j_« L$JJ--U (jT U_~4J V jLtejJI fU <-a_v (_1_1 4___j_>JLl f.\ j^JI 

(_-_i_oUI Ljl___iL Ljlc I3|j .< *im<"!I i-jL__3ej V 4jjj (j_« (^jJlj ( j_>J 

4jjjJI 4-Ujtrt't 4j-J_U I jub (^ Jl>u (jT (jSU-t 

I (jrt i.ihia.-*-».!! C jIjJ uJI (j;JL4 (_-£- 3j__.Jtj--t 4_uJba j_______u_jLa — JJu 

I J>l J (j_4 (JjlUn jUntt 4_C.LLl_> l—Jl^ lL ci_j_>. ijjltlj tj/a L__L_a_3 

UJL_o (j_L ^oJ (jjltb (jT (j-a ^c-cjJI __--ic.j -u»>^' a-^l <jr- ^L__JI ^-Jj 

^-JLI >>jlrt'il b ^ j_Jl — u, iaiejjlj <-jL____Vj (j-I-SJJ i ^j—— _JI l_LI_ (___ ^ij-w jjljJ! ^ 
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i^jj (jjjj ^Ja cr^LH *^ L_JJj-i 4l5tLaj . 1801 j-l — *J1 <_,-) <_JSLLU -i-_uJLl 

3ju>jJI 4-l<J*]1 4 >.jJlJI ^yjt aJJtj t jj-LaJI ^ 4jj V<it1 «>1jj__j_>jJI 

♦ L$j1c Jj-a». 

4jIjj j_« CjIj rnlaJ.1 jl Jlc) ^ £-4--* La — utLwij jf ^jUl — __jj 

^--CJULI Jl^jlII _} Cjlj-J_>l-ss_c 3J uilui ^JlS LaJUC jj — Ulj jj^_- L^L* — ui 

4_jjv<v_*JL Mjv4j (j^iSJJ ^-i-ual ^^j}] 4j uJl) 1803 ^-Lc j < <i < «n J (^J- 

(4J 3j___>L3e_4 JjT J j < .-n-nj *. -ujJJ <____> <«___£> jjjJI-J UJ l£JL>_ .(3 — jSJII 

JiCj-a (__1c (jjLuJI ^jjJI *L*_« olj-u»!-*!! 4cL3 (jj-J-t 4 fr]rnr>\ lJljSj 

j_ij <_J_ (jr^JJ ^jjJ^. I «JLu JLc Oj_l-_j LaIjJu jl 4 — U l-Jjoj Sj — u_L>J,l 

*-<*_< uu jjjJlj LgjLu 3jw-bl_>JU tjJu -jjJu ^yi-JJ I Ju ^J i4_J1 <**< inh u irt°\ 

^jjlc ^jIjjj jj <_ o > <« __lc 3j___tL>JLl oljja (_-JL_Jl j-j-JI <_Jsj» .4 — jJI 

^L-i- (_J- 2__9j__jj 4 _uU_- Lt-jA^ ljJU?j ...(_u_ie — ui 200j 150 <j_u 1— « 

<_dj ui Lo_T) 4jj___<1__4 (j-a j__j__u_> jl — _u 4_t — <_< t(_-_u_t jl JLu .«3j___»L>JLl 

jiic (jj oJl £jj-*-J1 UjJc ^jLjI (JiJI cjWjJI J*T JjJa jc (*_*_>.! *(jJLh 

. jjjjlj 

*Jj_*.| ^J} ijjsLa 4jjj-^JI ^L-jjojSJI <_-_* cH-y- Ju_-&j jt j — £ jJL jjj_>-j 
jj j (_J_ Jljj^ uJ jJI ^cJjJI (jc j*C ~ jL — uiLj (JjJj JjoI — _- <_>!_♦ jc j JjJLhj 

JA^. jLLI (j^ua 4 jSJI! 4-i«.*t>Jt ^LaT (jlaj — *J1j JjJLstjJI f JL-J t2j "rttl 

(jjjluiA 3j_u»L»JLI oJJjj - 1806 ^LJI -^Ja ^*^jiLu Sj_usL*ja <«-u»L SjjL*. 

4J|jLua 4-btLo 4j uujJJI 4jXJjl^Vl jl ^Jl»- tSjLj^lj (jSUlll j — a LlJ^j 

LJLLjJJ jrO Sjjl jJI <_) J >JI jj» (*CjJI (^lc .^yJLJI ^LJI JM 3^ 4JJL&J 

CiljLu jUj-cj 4JLjJo ^ JLiiri 1 «1 3j\j».j SjUu «jJJ j Jlajj .uJI JujSj I — i_J>jj3j 

j^tc (j^-J Juua <jJJju Jjcj t^j—JJj 1^1 tlj jkjj — ujLj-JI CjLjjjii j-iC 4_ljj_^_i 

(_Jdj .^jj jj-u_J1j ^-jj u>Lj-JI t<u <,«! 1 ^^jl^ (jjLLTj (jjl , <«JI (_Ja j|J_jj_»_« 

^\ JL*cj.,< u»VI 1 j-db L^Jlc (j IUIjjjJSJI 5jl — « Jj_c il810 ^l — *J1 

(_Ja 2_<it| 2lu_4->JI Jj_> ^ 5>jL>. J_Ju_ 5 _>ju>-9t_4 .Bakerien Lecturs 3_^_JjJI S _) _qI_»J,( 

JjL»A^_iJj-luil 100 ^L^ 1775 ^L-JI^ jiLu (_c;j-_- jl-->j jo. c ^ uuJu^ . ^LjjUAJt ^ ^Lail 

^j iSLu4^_»_J( a_l__L-J| jt ^-ajjlrttl ^jjLHt <___ ^jj-sjj» ijAAjJI f ^Laj J__t L^j-Uj «j-tisl^o 

.[^_>.jaXl] 4-U-4_>Jt «JJLs-J La 
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4ljL>_i (jl_w.yL <j_L l_j Ij — <-j_>» o >jj*jj j. < - ^ir lS-* jS-<~M _-_j_-~-JI 

JJjJL J_?T J . j ----- jjKJI (jT jb '^W^ 4__iU^ (Jjj-L (j_-_ 

. jj-r ,h<jM <j-jJj «Ot^JD^^' J- 1 _>--*^' u ' V UJ-^ <J* 

|ju! fj 4_t JLU '(^-Jj 1 Uj or^iaJI J---JI 3jj_ <»jj- J-4JJ 

l__jjJl_1 __Ji j__1-j 4__t--L <> JJjjj t 40*__ll 4 . jSj^tl 4__t_H_-> JS 
Jj1___U jL_i_-M £__* t gj, mmII __J1 4j ^jT Ua * Jj_->-*L (0--1UI 

iSjj_Jlj3j^AJI j-utu jb 4__-Tj (j! j-Aj j- s- 1 ^— 4-_j.-e-i__---J1 <_--*_J1 
jj_H 4J 1 J ~j"j <_-_JI 4_^Lu-v_M <j__j__JL £__»J — uiJ I Ju 4_T ___- 

* 1812 f UJ1 j-_ (juijl- i_-_J ^-lc J in«-j ,<_j_LJ1 J_u_L 4_-__a_____I <j-« 
<j*_u_ j-« j^ AT 4-___u Ja_j ,4jp -LUjL 4_*Jjj (j~ pL? 4u>_ JjS _iJ jj 

(( ^SH1 ji^-tl <___» I jl_I_-_4 (<-U_It £_l jJI <> 4_«-al_-) li-ljL- J j -.A_ « 

<_-S_il JUjJtil <__ sU»j_- jb J\£ 4 ur\'ta <j_- 4 — uJls j»UJ1 <__ JL2u — mlj 

. <ju__J Ijujj» *jjju j-i_-1 4__j ,(1866 - 1788) julju ^L-Jj 4_il_-j 

4_p-U_j 4Jj_fcJ (^bl jLfl L__uTj) 4_ujj_v 4)>iot j-L- 3j — J-Ua i_U j (_— ic .J 
<j_» ^U- j__- jlj-w <_-__ 4Jj--^ __j <_S -__-L_-j ^LjjjT (-3 4j___Ij 
(jT_aj_Jj)c,j.^t1 jjIj^UJI __]! 4jJL_ 4jJ| I — _ujj_ 4_«J_> i(j ij ,,t') j_JI 
<___u_ £__>j LjjU-jjj _-J1 SjjaJI Jjuj .(1815 f UJ1 Jl^ -jj_CL_1 luj-JI 

(j- l*_jJ1 (_lc *4<i m,L j ^ m ,1 _:jJI ^Lil ^ (jUVl rL^i ^ j < w*Vi 
4___ii1j 5juj _JI 4_ jJL c___j1 ^j< <^>"11 1 ju_ t-JJ cj_Ue ^l JU_ VI 

(jia <_ui>j 1 J^Jj i(-_jlti1 (-iuj ^ f* ^ -* ^jj-^ 1 ' J 

. jj___J1 1 j_- ^-a Sjjj___JL 1 j-uS^ 1 Jw>>. J Ju c£l jIjL- (jr 1 ) o^*i 
l*L_t1 --u^-il L_? 4 c__ujjL <___! __ic ^r-j- J-__- 1818 ^ L__JI (_sj 
3_____Jlj4 J ai j.-LtwJ.L^-t-^c-^i^l^.^^ 

^JI 4— _J I J_tj_4 ~-J—-> 

U t c-___Ji1 I JL^J 4-.UJ1 Cj^UjjwV1 Uj-jj ___JI 

(>jU ^ jJI y^tL JLp-jJI Jj-jJI ja 6-^ 1^24 f UJI (__ 4_T a-^jj 
|JL_:____ 1825 fUJI -u^(-ajJ(j-Jj.4., jt^tL>U,j^bljU v Li*__1 
JL$_il (_-- J-v-_J JJJ--» 4j___Ju- (j_ J__l_uj J ^ _>°J^' 

j_jU.j . LuL-jjj ^UaJI oji--- Lt^ JJ- J ^ *-^J L?-^ 1 
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illjLclL! 2LuLaajSU1 (j_>1 ji«Jt Cj1_ j__»L_J1 J**j jt jljl < rtrjUi * ij\ >. 
''iT. w 1 ! J UiU> lli^J *4JjJL>. SjL^t <_-<& j--^! (1x1 J_-ljJl V 

ja^jjt-jj Aj(jT 1871 ^UJI Jj_a^£L_____«lj.Jjj_>J1 ^cjIj 
4>jjjiII (j*___J1j 2_i}__I| j_u_l__JI £j__v . V. 1.7**1 3jljJl>. Sjj--» Jl>.!_J 4JjJ_v 
<>« J_* £±>y* JIjuJ Jla 3U, Cj>Lj_u j-uaj JUjJ £A idJI ju_j 

4_>-J1 olj^iJI <J\ a, ,,..1L _-_ j_j *<jj_jjJ1 J ^J-^ 

^IU" ,„1 j . juu l^n ,*;,"<•» j__>L__ iiMi (j___; l£\ ja JU_ <_pJI 

J_vjj* t£*j__ t JjJL>JI Sj_*_J t-— - UJ 2jjL*I1 j__>L_JI (j->1j-- JM-*- (j — a 
JUuj .ju_> LuJI 0 JLA _>->1j_- *Lual_J Jj____JI (j-« jJL-J LjJuj <jt tCjl j "yrtt l 

.Cilj^l juJ 2L*j>U1 ^MiJI j__>L_JI __L_j___1 ^ LL j____ -___*_- 

^jJUJIj-j. j__.L*JI aJUbj - _uJj_j L$j t_Jj ___?! L$j1_ _>_>1jiJ1 l__$Jj 

. - ^.<t i Scandium rJ __uK „.tl j * 1875 r ___JI , ,V,<tl Gallium 
0! ^jJl ^j . 1886 f LJ1 ,__* ______ai ^UjJJIj 1879 f LJ1 

__oL__ Jj) j_» -M Jjl >UI i LL—.,,,V..,,t (jJL <<J t5jjjJ1 cJ^JlU Jjjl>, 

lmIj" j_j_Ju (JjjJO (j— c 4ju_l_JI ___ J__J_J1 4_»jjJ 1 _Lia__1 4___U__«J1 _,_» 
juu L-U.4 jju |Jj_k £-_w_JI (jj_JI -jLIoi — u_ JjLsj 4jl V| <(j__>L_J1 

L» j__>L*JI 4J>U (j__- J_L_<__ ^jJI tijjjJI jjL_J1 1 j_t <___ ____J1 _U_ 

i(j__tj 1| '***»,' 4J_L__4 4-uLjj»j£ (j_>1 ji. dlj Cj*>L-L— 4-t m . i <jf (j_—<u 
<-__ (j-uu (j£- j___i_. J_J 4jjjJI (jbi^' U-**'- ' ^ 1 ^^" 1 Lr^'j 

4_ui_Jl J!Uj ^-l-o!j ijj-j — ^.jjJu^il _5jjJ1 jjjJI --L___t ^.ijLu (j_L___! 
_JjjjJ1 jjjjUI Ijuk JIojj .(^LuuSJI |<JL_1I 4_ojJo (j_v L_jj__> <jx_U cr- 

f L0_. f U Jh ,,,tl l____j- ^..U-J1 (___J_J1 ^Uil t j< . ,« M_ V _u 

t— -_4j_-tl (j * j J.'< p< (_y_C L_j___t ^...ihjjtjbua tn*i i iilj .(jjj — _uJl (jj_-1 
CjJ-J! (jj_- 4_l ptnUj .4jj_*_JI djijj Lu jjHJI <__!} tfJL_ LL-4- JJLasJ (jl 

. j .r.tl 4__L_t __1_ ___j _;jJI ^j-UjJI (j-v_J1 jjj" t^jjtjjj l-j jL*_J1 

I juk (jl (juJL>J1 j IV) _-_ 4___AjJ1j 4j1 jJJI cj-C-lj- 0— 4 

(jT __lc jl_jj_ ^Ljj—ujI (jj_ (jja £-uv>JI (j-« VjjS — — — 

1^j__ju JLstu 4_uS_ 2LLu_ CjLL^ 3jj__> (__- (jr-J--- jj>J ^ --1 — 11 
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Lr— UjAj-*^' (j>J_-LJI jl — ^ UJLuj .4jUU Sjjl*-» J^kj <j__tj 
J__1 (__ (___ JJj ^JJ Jj_jJ1 j BjLJJ SLuLLJI 4 mJJ ^ jl^Ij 
<jr- cr*-' j-*f b-— 1 OjAij*-' £pl j jJL (j^UJI 0< J.I1 ^ j_J1 

.cjijjji j_jj jjl>ji j^ v <jia* ^Jl — -U-ii j_-T 

^uAUI (jj^JI *Lju_ 4_-j_J| ^jJI jLJLl Ijla ^ a^UJI 3j__JU___; 

^L iisjjj^ __»l ^i a_ijjj| 4 a_j_ji j Sjt j^ji a_j jj ^ j___ 

Sjjill -Jilj__ _;j_l 5jjIj^J| ISL^LujJI j—luH 3 .2L_;jlj^JI ___^LjjJI 

3j____i jia aj_L ,tjju_ji ,ui_ ojjj^ui a^L—Ji 

L _*j a^UJI ^ULJI c^Jtj t Ju*l\ ^hU-JI <__ SjIj__pJI 

( a_j^L^JI 3jj_!1 ^Jj SjGj^ 4j j_j j^iJI jjjSLJ lOLuSLU oju* Ji.1 J (Jjjbj 

t M* ^ 1 ^?' ^ o^j cfj*e U jsj L___« ^lc. ^ 3jj_ 
£_,!_!( Ljj-SJ* <> 4j? __j_ Lj!j <jf j^j .S*L_: j_l oLuSU ^Ljj 
<> J_J o^j <»jlj--*-1 3juuL (jL_£j ^j^-t Jiljj 2L_ <j_j <<J j 
*jL__t 4£>J1 jj__ 3jlj_-Jt <jt 3j__j ^jl j__>J| JL__J1 ^ j_» 

_1j_,Vl t Jj j___- £___,_J| <jj__| C_Lujj_____ < rtin-ila ^-Aj «ajJuj-j 

<jt ij\ Ujj_mi £_____.! tj_L <jjj) cr*— _>_j_" ajjl j_J1 _^LjjJL 
Uj-JI -jLLIu. t n.o*.;»» <ya Ijuj «(<jj___ojj ^LJj 1849 ^LJI ^ 4_,L_ 

1 j_* <__- <j_jj . i^j a^_,Lu,Vi &jUij<j*_ij_j| ij.t^ j .^ .^bji 

,.j> _jVV_j 3j__VI (jrt_w jj^t ajLu, (j^ujt j____VI (jwo JL» V (jlS" 

.oljjJI a_u_^ j_jj ^L- (jUju-" jU_V1 1jl_ (jwo j ivrt 
^ ,—ti cjjI ^l a_^__L_Vl a^coALUI cjI jj__J1 j^jJL j__jjl>.j 
(j-Lw a_L_Jt <jl (>o jjbtJI j 4_L_J1 3 j__ __U__ 4jjIj^J| ISL-LbjJI 
,_j___u_ (j! jT c--_ (jt (jSUj V (jSJj ^ji-! 5jj__ _J1 3 jjj_> (> UJj^J 

5x1 u jaj) a_u_ji jj__ ^ j^i 6 t ^ ^_ Sj j_ |j_ 

(^Jjlo <Jljj>J (jV (j-. a_vLJI 3j|j_*JI (j_. 4__j ^ _jji,| j I jjg 4_JI 
ll^U-JI ,*__ aul-J j-jjj (jt L-ijU j-^jj .(^jjl 3 jj__u,U ^MjL ...T 
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(1832 - 1796) jjjK tjjL- cru-^t «jults <>- ^ jj^ ^Lh^ 
3^1 ^ cdUto» «Lilj^j t t j^b ^l* jijK r ^ . 1824 f L^JI ^ 
t Reflexions sur la Puissance motive du feu «jLjIJ 
lJuj^I oL? f) J** ^ ^ 5 ^ ^ 

sjij^ ^ <>• J- 2 * l>b* S J>^ ^ ^ J-^ 1 c^jb *( J-— 43 

O^UU 5 ^L Sjj^ L*J> dll ju j^_4i3) J«t 5 jLp- *^J J ^ 

^ USb ^L-«Ji Sjt j-^ ut J^b f ^jlj^i ^LjjJJ l^LJI 
^ j^T jLiij .(^1 ^j^ahj**» f— c^i ^j^--^ 1 
^jj ^^-^ 1 ^ J^ ^ ^ ^ 
Jy. A-j t j**JI ^ aH>LJI j 4_^LJ1 e> jaj IjJjSJI c»« V*--* 
^jj-^ UiT ju. 0 lS&Vl ^j-^J Ji^i cV ^> «-Jlj^ 
, .. .... ^jULOo ,>4 j^ ^ 5 3>U 43LL jk^ 4-ul£t oij^tj . <LJL>j 

^ J J^c J Ui^^J^ t 3A^^i ^ ^W^^^ , Wj^W 
<Aj*\ Jjt ja "^l^JI ^ jijK ^j^ ^ ^ • t 
^ jjt y> 4itj <>?l Uaj^! Jj-~* tMb *jb-^ ut 
SLsL^^l «^tjJSL^^JS^j*^^)^ 
^ 1 jl^ s^jinll Bjlj^JI J5u) Sjlj^JI <y s.^** JiJ (L 

I ijii ^j S >4-^ JO^ >* "P^ ^ J * UI 

JUcti 4__J&L* JMi 1834 f LJ1 ^ oj-J^ ^JJ <J ! er^i 'JJ^ ^J 
j .ua : i j^j .(1864 - 1799) jj-*M£ J^l ^^-^ 6*^» J-^J^ 
O^L^JI J^(> Wtj J^j^jj^jKJ^^ 1 ^ 1 ^ 
0^33 f Uj ^ >UL ^j SjjIj^I I^UjjJI 5jj3 Iji^t ojjJI 

•c^JdJJ^^J^ 
4^0J| a. : .u dJ1jj)f O^L^ 1 Ji^ ' s ^* >*J^ ^ ,i3 3j 

^UoJI .L, Ijl-^ J*iJb ^ ^j-i-i Jjt t»|j -^LU I Janx3 j_it J^ 

( * } 5j1j*iJ (^JISUI c^^LJJ UL^» Ijujl^ jJ^j Conservationof energy 
'4 ,(1878 - 18 14) j^L (jj ^ cjjjjj o-J^J^ c^^ <^ ut ^ 

. 1839 f UJI l^Slae^ 'j^- 3 (1875-1786) oi^- ^jL- >^ (*) 
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.4^L*jJ1 _l_j_»JJ (jiijJj j-u-Jl j-L 4jL_i1j.j J_-___aj «Lajm'»-a £jL_j (-JJ J*«JJ 
<(jjjjljj\_L_J1 (Jjj La Jji_j <«(___oL>.)> 4_>.jj ju_. I JLA 4j|j (__JJ Jj-«JJ 4j1 <_-ti t jJ^jj 

__£ JJjL» jt L_J—J .<_M_1---J (jjL*-J1 J^Vl ^-1-- jt) JLfl£.Vl ^JJIr^d (j__* Jl_3 

4_uU_"l jrt mtl ___ I h iU J_c <£j-~Jl <*•<_■. i-* JljjV j_t>j 1 1840 ^ LJI 

<_1 j_L_j 4juLij J1j-V |»jJI <_3jj SjsLcl __1_>j .4j_j £J1 Ju^JI jjj* (JUjlj ___JI 

<i1j_wl_t' Jj j^>jJt _y_-lj__t 1 «ijrt^rl ( JLil uJI ^U-jJI J_- <_-lc-) < ^ ^.l j--jJ 

(j-4 J_--» ^lj i nl jl L__)j_) jt (JjLlJI JL-UJLJ C-*J-- t4jj|j-< uiVI JjUI Ul < _-3 _*-_*-« 

■^6?.' *-' lJ r?* *L_jji_« (____ j-uLj j_£j , j_>Jl Sj1j_~ JU->U (_-___. jjjLJI J__L_u ^jJI 
*<__>jJL 4Ua"^* JJ_u jL>Jl |-JL_JI _l_ CjLlj-pJl jl O^^jt (-lll 4_ujlj_>V 
i^_ui_>Jl J_-,|_. j_-«: t-_-_rVl -_* _JJ_J_t J-4JU (_g jJI ^ L__lt *(_-i_jJI 3l>-> , - , 1 J^rtJ 

*l___t J_" ___ (_$j — <-_jj j__* — _-_&L ___c. ( ____jl___J I j-4-»-Vl ^jJI jt <_Lt j_i __j — cj 

,_-JL_>Jl j_l jJl (_-_)! J^-J^l ^»jJI LjjjJ < jpJjJI j-~ dl J_u1 (j-ul J _-JI JuC JL__>J1 

Jl_-! jt__ j__- <L)L_ I j_-_j .(j__l_jJ1 (_, — 1} d-JjJ-l j-uc. 4-U-J _tj_u j__* — -__-_' I j_a 

4J c-<jjj * j_*.!_> i uJI ^ _ J-U -jL_ (jjJ j!s j-jJ1 jL (_^j-wj>_a iSjL>- (j_* jL_-3-j -ojj! 

JU _j .4 __u j__ _dJjt_j -p.-.l"^- 3jL_e_J1 4-L.u (jj^____ j_J (____ (j^jj La _)J__l_> 

t <___ J1jjV jAj j-uLi (j-CJj t 4_u__t_ »_ >> ...-'-J1 |j__^____ (jJj-s-T *LL_4 j! 

t_Jfj_T_5 <ti*>*J Lo (_-_3j4>-J _;jJ1 j_ ^jit-JI -UJjL-wj j_v-JI (j-a oLpjj-_jJ1 

3jl JJV J-O (__3 ^ U->J1 (jf J_> (jH_* L-_?VL __!__ SjjjVt ^-J (jf (^ t-_J LttJI (j! 

<Ufl1irj (___CJ (J_4 (jl_3___)l ^ll^int j_4j) J_! bjiJj (JjJeJ 4\-u1jI_-jV1 4_l_il1 
J1jU>U4_jlj_ 4__li_J|j 3j1j_>Jl Jl__if -_ul-^ U L JLt_j La 1_Ub(_-_3^ljj.f_jJL 

(j_; 3jJj_ll 3j1j_>Jlj t^yiA uJI 3jlj->- J t(_-t<>i»1l J-^-*.^?! (ji., SjJjill 3j1j_>J| - 

_-_.__! V (_$t i_Jl-*lu_J V t 4_U_J| J? t 3j1 j->JI jfj - jJ| ..jt ..j! ^__J1 _j1 jjs-l 

.(_Jj->.! (__!] 3jJ__ (jjO ______ JjLpJ L_jjj (|*J_ (jjd 

4_tf JLu .t___JI 4_^ja (j-ujLo <__-o_- 1841 |*LlII (__3 LjjULl ___J| jjjLo jLij 
jjU_»jj i4_iU1j_- _--3 ^_jjj f L)j_JL 4-aLc_»l JJ-5 j U tl 4_Uj__i ^a 5ljlj-a ____ 

VjL_c jl) j___Vl LlaV W_l 4_L_jf Jj? -juu Laj 1842 f LJI (> ^IjGjI 

SjIj^kJI _>__ dJ i__t jjL < 1848 f \__l (^j 0 L__Vi ,;_ (__t| (j__-Vi c___J 

(_j ut La jj-»j t( jii4 <»t1j (j-»jVl j_a_ 4_u_lLLa (__JJ jlj->JI JlU-J 4_L_J1j 
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£j&2xla (jrok _J (jjj (j — a 4JU_J J_ Cnh a (jSJj . Joi^ JUu 4J (>ej— - *j 

<4j l__1ju_,^1 jkJUl UU.MI.J IjUjU- L___1 J-_U j t n ~l i »1j t*Ljj_J1 f UU 
4j.u">tl Cil .(..^(jja Ju_U_ <__i £Jjfj <1850 f LJ1 <_-_ jbt-j _ 1 JjU 4__j1 

1858 ^L-i jllo (j_Jj .j .v £___J1 uj--Jl oIjm mio jjl, _.__. aj__Ji 

j"fjdi>U (jjB (jUjuA J *A _>_« UjjJ-Sjj 4jUi__t (__l — ___"! Juct idJuu Uj 

j_uU _____lj .(1893 - 1820) JIjls _j-*j lh^^j (1395 - 1821) 

_J_ jj 4 1871 ^UJI (> "uSHI 4_u__>J1 (> ^jS 2LJ1 ju* (>Ji_>j «4_5___ 

. CjIjjL—J ^ > t II < 4j_3j Jj_ 

3b)lj^JI 15 L> « L lj JiJlj J>>> o - » ^ 

_;j jjj_T *L__ <_L) 4-)U-JI ^j4_>j 4-u_>. Ijlo. f%4_3 *L__ijj_t ^JU JjT 

- 1818) Jj-> _>« <1J> jA (Uj^ (__S Oj4>. CjJL-JJ (_£__! _y_*lll Ja-_>JI 

. JJ__3fc_J U-U_/Q dLtuU (JjJ (jjlj t J-.-J.--U0 <_J J_> JJJ_JL_l (__- JjJjll (1889 

_>_u ^J 4jU& JjL_1_j1 I fl « njr <_jL__! _1Lcj 3 j__t JuL_ Jj> (j! __J| I jJ_jj 
__j__l J__*J| __3a J!j_ J-*J 4j! Juj t2LiU*JI 4jL>. J i "h i ii a ____ _j_a djjL__J 

(j! £_jiil _vo <j-i" e;jJI jja^JI ^ (-- 4jU_ _^o 5j__ _____ j___JI _, — o 

4___j ___» c.-»>f (_pJI ___ _U*J1 2LJL SjJiLJLl 4jjj3. J_Jj .4j4 Ut__j cjjj 

_,_JI CjljLJl (___ _1JJ_I 4J__5 _y8 JUkl <_ U J_fij (__-_ i3jlj->JL |*U_L_V1 -JJ 

Jj>. Ll (j! CjJ_v (j-Jj .4jljUuL 4"n^l lj j_*__UI 4aUc t\ — u\ __4 Jl_L___j 
_vo (jru>_JI j 4____«L>JI <__ _v_*a> Uii4 1854 ^UJI (__ jj*>JI _m^>^ ^L 
^UII (__3j « U-U UaLu Jj — >■ ^«Jbu . _u — uj 4_Lo Cjjj (jJ 4j? __i*-) Uj < j_t_J1 

_tj_* _;ju (__U ^Ujj-JI 4__1jjJ jj_VI dUlj _hwm_w 4lil _uVl J___ijf 1834 

i4_3e.ua C<lV I J-9j i0jji£u (jja (j__— -Jlj 4_a_J1 (^ _J1_u_j (jjlllj _t_* .(jjlJlj 
4jJU _-i_ (jljJjJI ^Jju *JU (jl ____j i4__L_ UijjJ (__U_J J1juV <j-* 
t( j_-Ui-i 4j(jU U4! (j-ujJ--) (jf (-U j--cl 4_f _JJ_ *U»J_J1 (j-a Ij-j — _u Ijjj 
(__- (j^L__ALo _»____ Uu Jjuuw (j__Ju_ _TJU (___ 1 — uiJJJ (J>JU — "1 (5--J1 J-»Vl 

Jj_W (jf J-A_. .(J->jI1 U_J__J 1837 ^UJI^-ii _HUJjJ_J1 _►_. _-_3jJ l^JJ__Vl 

JjLuJ ji^V1 j _ru_>Jl J_u 4jjLj jl__1j *(jj-_Jlj j-- 4jjj 4— flj__ ^-ic J— _> 
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Jj~ Jj~ 1836 f UJ1 . 1844 r ui 0iJ Jb ^ ^LSJI 

1j— _ <jl£ <jtj L_j| j^jj t MrtW* 4_xS J_u j^A ^Jj Sj-«iVl O-u 0__ 
O-jUJI jL_| _u». , y, ,„,Vi U ^ ^j^l j 4jA „,Ut| IU .V. 

l>-^ J£ tP* -Ji jLk:l)cil J - 1 ^Uai^U_«J ujUbjlj*j 

.(JaJI Luj ^ jj_«Vl oLj^u a^jjj ajL^ ^ ,jt_M__,j .(a^__>JI 
4j_^»Liilt JU- <> J**JL? 4_3L>. Sjj^L. «__ ,oj4*- Jj_>. Jf, ,„| 

c>* ^ <jj-^ isi+g tdjj^ g-ijuii <__ j^l <ji_r d^,a_u^cjr 

JU* <LJb^. ojj <4jVjU_>i r, S^ Jj .4jL»j <ya ^L^JI oLS^JLl 

<-*J jljjt 1841 ^L-jJI J& { J_j . 4_flUaJlj J_J| djuuL <__ ____J1 

iujVij ij___i 4jjw*jJj 4in ,„_ji ai^jj Sjij^jij ^l^i ^ as^UJi 
—^jja^ui a^jjjojtji ij^^aj^^^^j^jjji^u^ 
f-*<l^2 f uji<>j.(4jij>j^ 

jaj 1( u_i r a_j ^UajjoJi a__>i jO ^jjl-uJI ^l_>.vi j& ,ji__V l____j_ 

J1jjV (j_ . jiniii jU 4i__1 __ <^ 4__j_5j _uL_J <__jl___ ^A.-.Ia _ tJL> . 

o1>__ji j>u. 4JU:f jj* ^j .*j__. <> (jjj Attija_.ii 
uf cnjj <^_i a^^>_ji ajj^ui 3jiij| ejjt j^u _u v,, .i y t a_j__i ajj__t 
ob sjtjj ai^x» 4jjU j^b *uu dijj^j jjji, <j_ Sjij^ ^jj j^ j^ji 

(jPj__L_- 1847 ^ Ull ^lj ,5j| j__j| a^jj g-Lij j| £ ,__jjL__« 

4^ij aiujuujojj. .^jilj^l^^.u^J^^jA jiuu-U^ 

.J^<><jjj_ll Ij_^J| j_I J^j^^^Jj^oUjU-J^j.^Ijj^I ^uu 
j_J ^ 4^! s_^L__4j J^^(>jia^j^^j_flf j;jj^ u^ Ijuj 

- «J_JJ* j-~--U» 4_^_ ^__j ,____J| J$ <jGLl_C j_,Uj;| 

Sj__ j* j_j .(^i ^ui a^LL^ (jjj ^j ^i Sj,p. jist ^oJi j^i 
^-ai a^ikjjji a_j|jj| jjji__;i ^ _ju_vi u a__Ji ^ 3 
j_aVi a^t__ji U(jUj__j.^ji_3V L-i^jj^^o^^i 

.(_l_^j li_ 22 jJLJI) (jj—— jj j»LJj jaj jj__j| ^ ^jL^ jj_I ^ 
a_.|jj Jc >L_j <(;ir _jJ1 (jjUUI ^ Lw tj^jL-oj otlSjjl- (jl_Vt £x_Ij 
UjUIjI __ oljUJI Sjjjj a^jj_j j^Li 4^jj j*U_V1 ,o1j_I1 2bj_j 
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_1 jj-dt 4j J_3 ^ jJI UJI jaj < jj__vjj " J» s >*— ("W ^jl^W 
^ jiJI jj_u j* i**. _~ 4*jj 1848 r UI ^ j_ij .(_U!>_I- 
^j— u. J JuJl I jjj_ ^ij , Atomic hypothesis & jJI 

| JLuu cJiljJJ - 4Zj£j CjUj.m-k j* LiJ> OjL^L jrO-JjJjtfJ1 L_ gJUj . j_l 

J£ jjj j«__t J_) 4j1__*. ^ J—jjj . 4jjUJ1 jlju». <>J <>— - 

_°60 Sjl j~ 4*jJ J__ 4j! (j_1 j_j 4^ ^--IjJI J__J1j fu-"^ 

lJj_o (4_)U 4_La _jj-_ JjUj U ^l) jjSj 4_>jj 30 JjL^j , U ».X j 
_L^j> jj j-j .4jj_1 t_- Uj£ 6225.54 4^j-uu jUJI ci Uj 

jj 'L^JJ^' ^^jj> Oj^ " J jL ^ U 

jlii <4J_JJ ^^-l *j>J1 j_ J-^lj <j-t-^ c- Cr^ 4~j__J1 U>Utl 

jjj JjUup _ j_Ii 4JjU_ _jj_ j-j ^UJI ^lj^JI ^ o}~-— 

^lj J—J ^ —1 j_^l pjj .4uj_I jJ* Uj_ 1556.39 il^j^JI *J_ 

,_lj_1 IS^Lp JU* ^ Jj^ ^ljUJL? j__ £__! jj-1 ^^J 1 
4^_U _**»_!>* jL» >^l ^ u^W ^ 1 ^ 1 ^ o^- U_j-^j 
^j! <jjj juu U* * 1849 r UJI ^ 4j_U W>J1 r Ut 1 j- ^ 

( (4^UI| 4jU- gi_« ^ 4>»J_ _5*J JjL_ _l U—-J j- UbJjJU ___ 
<>£x_f J_j 4_Jj . 1850 r l_*JI U yu*j 4_a_J>Jt 4_u*_1j 

jAj <4jUw j_L ej^\ U 4_u_-l J jU I JL-j Jl^ j>L fj < j_JI ol_lLi>^ 
j-i :r j jj -^- ^jLI 3U M\ *_—il I— ^j .SjU _a*j ^jJI j^Vl 

.jUjjJjj ^jjJj Jj>— ^U aJj>U 


^ljdjl l5^Lb_t j^itjij 

4 7 y*> 4j!j *4__1 j_a 4_JLa 4_) ^J LujJI (—Jj fl> Jj-^* 

4_X* 4__ ^ij J_Jj jj__ajj jl^ t 4^_U 41l> ^ Ijj! J_J _— jJ 

. SUaUJI 4ljJ j 4jLp- jU _J jJ 4*jii er—Sj c> — — C> 

<H I ^j^l jljj-ULi _U_IjjjJ I iL__l jl^ * Oj— _«jj o^*rR- ^jjI M 
26 <y> r LJj jJj USj (__^UL 4_*UJ ^l 4j^UjV1) __^UL ^ 
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j*LJj _>_> U__j c^j-jj ^.'1 _>? j__j_; *L_ — uit 4j _)_?j . 1824 jjjjj 
-^u_4 ^jJI .(1892 - 1822) _> *j_4j f LJj ^j ( ;l____L_JI ^ 

^ JUuj . 1 4 $ i_£Ju ^-lc -_-lJ1 ___) 1 4^4jU*i ^Ljj- 1 ^JLc Lu_jf jj_ 

j-LJI ___ J-» iiiJjL- 2L*jiL*J CjL^LljJJ 1j___4 jj___— 4JJ ^jh^j^ JJ-^I 
JjT" nuJ lj — j1j-_obfc-vLt ^Lm l__'L __ M «<->it '"'tt^l riH'''-»--i (1832 

Ulu 1834 j»U]| ^ l_J_j (c^LL__ Jjj_J1 ^ jSj) 4j_at>JL U____j 

4_L*k. 4^ jj __lc Jj___>JI L_fljL_4J _dJ_ <j_u ^Jj - lj __LJI ^ ^LJj j_T 

4-1* _-J| (*Uj Juojl .__( j___-_tl ___Jj _i»>__- VI ____ _Ll_. _*! ____ J_> 
jjjLUI IIu-___^j_.j t 1845 f L_I1 l^£ji_ij,1841 ^UI^^jbj^ 

Jljjl j-4 3 Ik , Ii. i j — __ 4_! jc }L___ i4_L_UJI 4j _"L_JL jj| j_*J! JyJuJL 

Cambridge Mathematical cjI j «_>Lj-J ^jjj^uS' a «_ — ___ ___*_JI 

— t — __ __o--) (j-jjLj ___ 5j-p-j 3 j__J j-LJj J__c ^ji-JI J--*jj . Journal 

4_j1 _>-*r.TJ j jf ____" <_j _M -jLjIaI j_*J _,f Joj *(jJjl-> (jAJJ 4_uj 4_Uf 4_J_jA__ 

4« ,„lntl j_L___f _-_jJ jf C__jJ1 l_Jl>.j (4_l« j_ _ij__ 4jus_?_j 4_jl_Jt 

C_ii (Lj_- j__ 4_? __]} I j___ __>___ L__J__ _>_J fj) j< ■ -N ^ __- 4_ia_ll__J| 
J_Jj (4JL>| _Jjj jf 4_i_j 2b__wL 4_j__a _>_5j__-- «-.*-'' tj—^J ' 1846 f 

(j i<4-Cfc J ^LjjI- J-«jJI JbUJJ ^Jj . J4-I _J1 ( il^litj Ji i_lJ 4__aUJI 4__L5t_j| 

__fl I J_Jj_JI _)_>J-4 l_u — LUJ 4j_tl 4__|j jj 4 JUJLjJI £__> jJL ^" alJ (jj ■ * JJ 
(_- 4jjllJ_J| 4__J_JI j_L_jf <■ n^<4 ___ jj __4jj ^-LJj JJaj . 1849 j-L_JI 

(_l-j (j-__l (j-4 (jjj__Jlj 4jjI_J1 ___ _,_( L*__j) 1846 ^LJl (jjj j___i^L_ 

L_JL__T __U_ JLAJ <3~Jlj i_jr)t nntlj 4 MtaLaJI ___ jj_j 1899 ^.LJI ___ J__L_J 

___ 4_j Jj_v I J-* JjJj <4j__UJI ___ jjjj (jl_- _J (jjSL ___J 4j_«L>JL ___*j 
. j____ u >__ 4__U ^ _____ ja£_M t_J__J| j 1; ,„ jj___ Vl t-JLLJI j__lj _,( 
(*L*JI jj_w_jj _)-« j___ -jLlJI ___ jjLijjt ___ (j___j _" ___ 4_j_JLl <L_al jj 
•C*' J * ' "'<'"J <jr- CPJtP (jU^-i jlj**^ ^'j--' tijJJJ 1907 

— J->L_™___i _____ (jUjJLJ J-p- VI *lj_>» ___ 4^Uj_OJ _JJ___4JJ 3j-5__ (jl 

JjU. (j-a 4jjj__Ll_J1 L^LLajjj ___ 4J j-uLj ^J___? (3__*. .4-uJLJI 4__j|jU_y 
Jjl ^L>_ (j__ 4_jJjj — __« __J_ ___ Lu (SjrtjjUrJI I j^jJjJ__JL 4 LLjjI 
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i-.s^ l ^jU- Juu) (^-«jj^M J^ «^L^ J^ 

oUt j^ 5JLH ^J <(V~Jt ^J^? ^Ui^N 
J866 r UJl o-ji^ c^J 4> *T jSULj^j .libi- ^)j-it 

j.>U3 J-^t ^ ^ ^ ^ <** ^ s ^ M 

0 \£ 3 .(6£k^1j cpUJI ^ <^ ^ 3 *** 1 
... I ^ jj| j ^LU^JI ^ ^j^Ji *j^l *J>*f » j-^ 

^^*, > ^t <>* -u^l ^tj * 1892 ^ UJt ^ o-^j^ ^jl usuW 
^ juu ,U ^jLa vU <jt <>• fM ^ -J*—^ >^ 

jLSu u i^£ o\* <0j— j 2 ^ «r^ 1 j^y 1 <>• 

v U-t j^tj ,(J^ c*i* jt) ^jjJ ^L-«jVl 

4i^V^jJi ^j^j 2 ^-^*^ 1 ^tes^**^^^ 

^LbjJI ^USJI jt J-J^t» o-L^ «j^> 6* cr^J • ^jU 
.«J Lo^ Kelvin Scale ckW* «bb^ cpL^ 1 * 

V^Luai j ^l^sj t o*) c*> ! ^ J*** 

u&ss ^ 41 J^ <**t cJ *e i^u\ J^t <> u«J o^j^- ui^» 

^uJI cil~J1 ^ t- ^ JJI o-^ti J^ 

^UauJ i^L-t J^A. jij^ JU^t (>• LaMUitj . j-^ c-bJI o>^ cV 

a^jjJ jiMi t>-uan & ot 1848 r^ 1 ^ 5 ^ ^ ^ ^-^^ 
jsr ob J jLju ^L^ 1 ^ s ^ t> «r-^ ^^ 1 5j,>jkJ1 
^uaJt [** 0 \±* ij~i3 'J-*^ 1 ^u.^je^- Sjij^Jt 4_^jj> 

Sjlj^JI 2UjjJ ^ ^Jt ^J*J LJ-^ U uj^ <Gli J-iUI 

M UJU^ u^? ^ Cr-* (° k C^b - 2?3 ) 

UUt (1888 - 1822) ^j-^jjK ^j 5>iJI ^ J^ 

oul^ jij^ JUct D W< <^J) io^ ->^ ! ^ J 
j^I^u^ ,„l 4j! 5j>tc 4UL-i i^lj^ ^u, 

c> c>**3jK *m* uj— * OpL^ J^-i' s ^ 
^^cp^^Kuaj.^^ 
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C-Ji 'j-W$ -l>- <jJi U4____j(j__ J}Ul_.Lj ^U^i* J£ Jx.sp5.djlj jLL_Vl 

.a^tj_-j| is^lljjlU a^uS/i ^_ui 

< -/U-w| cJijjj-A jA U ,j]_j t 4jjl j__J| l_£_y___jj__t JjVt (jj_jUJI Jjijj 

^UIaMJ 5>Aaj Sj____Li _dJ_ij LJ £j4_j *.i jt J-*^ Sjl j — >JI j} 

(__-5 LjJjj_3 <j-* i*».' * J — ^ £-—<-- Litl uj-aJI (jA ^JLtJI jjIaJ 4_jjjJ_> (j__ 
_jjjL_JI Jx«JJ . 4 » uUU (jjjl___' <__Lt j £-}---> jj j___a £__iL_tt (jj-SJL oLllll>l4.v 

j&\ j 5jS__ji jLij jj . ll___. SjSLa a^i j_»ji __>Ljj_j ^iiai 

W-->ljL U»< «ij V Sjl j_>JI oi *jj_-_^j_^ <___5 Jj^.aK^JJI^^Lui? 

4jjj__. (___* j_Ujj.4_ jV . ■.j-£f ( <> '"^ L^i p ^'> (>j^U^ 

(___!_. *U ^Uj __-» g—Jj t__A-U £-Jaj o-aSLi jj . 4j_» JL_jJL>. V (jtSj L-Jtx->l j 

V L«_l . V j_u 4l^j .jUI ^JMI __Jj <___1jJ1 ,UI ^ Sjlj^JI 

.aiji_____ j__ji ^uij sjjjj j-rt^j-ui j«__j ,m jswb __Ji -j_ji >• 

4jjj£3lj 3Ut n.tl 4_y____/l <jj£» (____*. l_Lu j__.t 4iljjl_j _dJ j j-ul-I^jSJj 
^-Ijj #<____< j£* - (__Lj *Ll_uVI <jj <jjj___JI Jj2j . L_wj___j j__Tf _-j__tl (jjjL-U 

<jjSJ' (jjuaj-iJI 4_t_-_" (j| j_vT jjl__U (jj» JL>->J .4-1 j <jjSJI cdJj <__a Uj 

Ujjjj^I ^jjjjK L*U — ut duu£ <_____ <lLj L__>Lj l_j — _uU_ _>SUj c -— -J1 j) 
_-JL_. JbUs-il (jSUll JtJ>jJI Jjj-cJI <jfj .,»Lc JSLi-u UjIj j1 jjj (Entropy 

<j_--}_> j__1jj j-_ '(j^J^I ____j£ Jla t -U_>_L1 J_JaUI <^ 4jjLjjJ jt^L-tadJI 

L_J__ <^_j-_i_J (*j___ L_UL>. <_____ (j 11 0 ^tl (jj») j-jLi. <j_« (j-xi_u 2L_L__J1 <j-a 

*LpJI Jjloj Ujj--iVl (j-_-_> (jjj -Lx-jSttjjUtl(j^lji -lawt^jSJj J^1^"i,,nj 

4jj__UI Lujj-uVl SjLjjJI (jwo Jit (j__4__JI __ic (jj-Oij (^-111 (jisj^l e_Lc 
. 0 Lilg-tJ I l_Uj c-jt_C U^ -"tl c^jU , „ ^\e- j__^L>ij (__H1 -itL-U-JL 
JjlS *LsL__J1 jju jf ctU j - 4jUj V U (__Ji jrt ,i,j (jt (jSUj V 1 jla (jf jlu 

Cjjt _-_JI o jS-_JI ^-A <j_LAj . jLiiLt JjL_ j_lC, |j_,t (_j_ijJ (j_vo-_--JI (>« (j-aj-u 
:4jf 1852 r Ldl (j-- JJX_L_XJ ct-9-J ^ j <1 <-*> t- > , ? ( S Ll (jt (__JJ (jj___4J_J 

(jUjJI (__-__» 5jjJLava 3j-J__ JL« (_, — Lc (JoJ^S O 

4jw>U jjc. (^-j^I (>«JJI <_--» S^JL*_- 5j_J__ JM>.j i(_-x_>UI 

jt c_-jl_j jl3 (jSj ^ — t U *(*jJt UJU (__J__ j __JI l(jULJ 
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^l jJt oljJt U _jj_U _LU_I W__Uf cr- 

Jbtju L4J (uj-I f_ bAj) u-jVl oL «^^ui». ^ _>Lm-I Jjt IX* u- 
jjjl^j ,3L__I ^jUI Jiuki ^ *Lb U_jj_ jj_»_ u_*? c^J .__-—« 
J\ £___1 __UI _k. WjJI ^jUI __j uj— "^J 2 i*— J-^W 

j___ u f u^ <j;-1 t* L _ JI -" jdU ^j^^^ 1 ^^ 

_j>*tl SpL_ _LU_I j_1 ^ u^J- 1 

__J1 Ll*jjJ3 Jj*jj < WijJ _o>- u* *JajJ jl^Ii ^j! ^jj *_"l_-j 4-J 

cJlwj .Sjlj— >• _J*1 ( gravitational energy ^ j_*J1 __l_ *__i__JI 
^jJI ^UJI c>* W- J- T - ol >^ ^ 

j_*- ^ jJI j *j_- _-l_l jj-M -L m. .. .i - uj^jJj^ 1 * J ti- 1 
JaL—JI - * \ *-< \ jj_ jJdJI <_._>. fl> jt eAh^J • JJ— ^ 
^ S_U1 u 1 e___jf er-UI u}___jT jj4>- J-_* -- J ^ <- ^^iyi 
^Lj - « j ... j.F = Mc2 5j. d A1I _tal_« LJ r j_j t __JI J_— _1 _*t 

_L__L_ fc!>- 1 - T S J-^? 1 ^ ^ ' ^ ^ VjJt ^ 
iA>. jt_1 _1 j_j *L>j-I U__j- c^JI _L-U-I oS?J jj--'j W^jJj*?- 1 

.^JU- j___| (jj—II <>a <_i_J1 _u_iJI Jlj- _j_i_l 

1821)J_J^uJ^u^>A^t , >^^>^^^ , ^(-^- 
c__jj ._>»_. j3 JM----I <> 3USUw gSbi erJi J-J^ lS- 1 <( 1894 " 
d ^jt J> <*- V1 ^ V -^-J_ 

j_L J_>Jt ^^j-- <> u^l ^ t>^^ ^ 
uj__. jjjj . gSti-l c^i uj-^-^JJ oj* J^^ -^- U--^J 
Uju L_ jj> J_sj ** >jj4 jlJI j* ' Li-^J--^ o^(1883 - 1811) 
. 1839 r LJI ^ j-^l t^i ^ J^ 3_jj^VI ojj^JI ____! 
jasb ^ ^ssu l jm u* >^ij-iAr-i jj^ji _>__ o^j^ 

L^LbjJL_.j- Lu^ __oJJ _ij jL_j-J^ji J\ jI_j 1857 ^LJI 
j_cl 4_Jj .^Lj^-l (__ _^L_ __JI ^ Sj3_. ( _Jjlj_JI 
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j»L_JI ___i (4 c1j_- _l__jf ___S ^JjlII _jl L__> _y_. iltstJI JjJjI-> _>*j Jl 

jlill __iLljj_>j CjIjJ (j_u 4j_LLJ1 _Jjj3 ^ajjJo I — $j£> <„rt,< l gj <_Usej 4_3jj 1845 
Jj < L^Iil j 2_c j_uJI 4. e-iSj^- J_» (jt <j-»L__f _____ <_>_-J - SLjjLlo^J _-_-1j__J L__aj 

t ISLcj___J1 < U I i JJjO Jj_V JjJU 4_U______-J J-Clj_- Jj^J 4__.jjjC L-jLcj i-U JjLLj __£l 

_-Jj JLI4JI _>* j_aVl 1_1___. <j-3j--i ___JI l__*_JI 4_ijj 1845 j_lfj*l ____ J— ujfj 
(j_aj t jj_*5__-J,1 \ p — J) l^<>>Ajj ______ l__j_o ^ — 1 ___JI i3_t_Ull 2 — j__<i_>Jl 

_Ll ___>. __i_tJI 4_ijj <"m<i <>i*tj . L^jj___»j Jj (*1j__ L__jL___.L L_j____ij ^ _ 

___jKj t ji__aVi 0 JL__ __J__ I rnJrnG (4_LCjjJl L^JjljJS- Jjjd (jj«) -_j|jL»J1 _y_»l J->J 
4,S* „■■ »■> 4 tlrtiAl-Wrj ^Jj J_iJ-l (JJJ -ujJ JJ (j^Jj i L-j-A JJv- ___* 4 -rj-r 

J_Lc L$j 4L__JI 4-ujj L_jj__j j <__j 4j|(jA ^CjJI _____ L^jjI_-C Juu ^Jj A $1* 

L__j? J->-jj . jL__.Vl c-_i__l ____ JL_-v_>V1 Uj_l____, jKj . I j__L_.j __Jj 4__j_j__ 

<__U_»j < jjjU I ju__>Luj <j_i* (j]j ijlJ j ^m l» <jjj-J (jj__u_ajJ _>>» J_T _____ JjjL- 4j| 

gravitational 2lJ_____ JjL__jj SjIj__JI jJjj 4Ju_j£> _>__ 2j___1 4_jjj _u_t_- _>* 
4__jj <4i_____ c-tu-lj jjj__«j-)jj <_j_j_»I j .(j.ao.uJI 3jlj_5_ (__!__ Jo Ldjg.U nicans 

J.LI-C, (j-a-tctl j-jj 4-lo jja ^ji-j . 4JL__.Lj L__lj____n ^-Jlc ^Ij-> _>* ij-JjLa Jjjs 
BjLut — ui 4^L^jj 4__jl_5J jSUj L> JL>o L.I Jlu . 4jj_j JUu f<Jj 1883 Jjjjj (j— 4 
J_-.|j 3_)jJ_-U1 jjj __j_)JJ 4JojJ_ii_ja (__Lc j_lc 1891 ^LJI (_--. jj - 4 u*2\l 

. 1892 ^UJI ^ ojJ__j t 3L_UXI 4,1*^1 L-jLcLa _jjl>.| 

* jUj_-ij_» ji-t-s-ijjj jjjw-kSu cy-»f>> 

uLuJi^-»atf j_»t^ jL-tt) ' h < i>j*( «j -U__»-«tJt 2Uj_tail> 

KinetiC g^nn^tl jt 4_j_Tj_>J| 4jj__-JI j-aj j-La Cmhj Cn.mil] LiA __-J| 

cjIjjJI <__j_> _____ 1 , ,n , .iLj cjljLiJI ^JLu 4^ij____J1 ^j) cjljLU theory 
Statistical mechanics 4j__L_a--.yi ISCjjLSLJLI j-S-stj (L^J 4jj£Jtl oLijj_*Jlj 

. ^-_)L-jj-^lj-_)lj_dl eliLc j -i- ^ n ir>jj 4-ul irt**.y\ JlcIj-UI _jj U" _--J1) 
Jjj-Lu-TLa dJjM-t (Jm^m*. L«j_t jLS-_) Vl aJJt l _-__l jru wLut (Jruc V ^_b! (jjj 

1844) jLjjJjJ ^LJ_»_uJj (___j__JI J-__u_JI __£) J_WT JjL Ui jjO-— jjJ _;jJ1) 

^j-d t jL_J1 _-__. _L_jj_>J1 4£j_>. luLcj uj Jj3_ <j ,,.-_ ji ___ju.(1906 - 
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o_jj>JI u l £__jj ( *Wan free path >>J1 jL_tl ___jl« 3j__ __j_jjl- 

y 'Jj- l d; -.tt 4JUJI oUj__J1 (-- jjj^-JJ-*. (jjj<>« _Jj--0 V 

j_J1 jLJLl ...y * . 3LflhV4 oUU_1 <> j__3j 1j1>* *-__-» U>i 
:&____« (__j <oU_L__JI <£j UJs *jj>J1 U_-_ J <^I^L--i1 J-"j- 
^LUjjJI __j1 jU iJji-JI _Ub.VI JdJ--- U «A^i * ^ 3 >^" 

& J3 (c&jA <> n.ti _i_ j__-i ^i) 1 859 ^ lji <_. <a_ii r __3i 

^ o jjj ^l S-Uil j_-_> j*_m U~ >£-J1 (l_>*j jt Oj- Cy) o-* **" 
^ijUtiA^cP <-*--i _^1 <>_J • 5 ^ it UJ^-^b 

<Ju_ ^ ^J-j Ij . JLL, U ,L_-V1j Iju* oL__>U _!____ _l JL_1 

3 rj . .. ,U , „j- _ , , . ILc.j-JI ______ , U j_-(>oUe_>J1oUj_- 

_j__j .2Lu_JI Uj_j 1505 j __> °60 Sjlj^ ^Uj- ^ * Wl ^jj-JI 

j__j jl .a__.jJl <> 447.000/1 u o-u^Jl ___ >J1 j-__Jl ______• 

- u_L__ 8.077.200.000 J_ jl_*_ "4J- J- <-t _>~t SjL^ 
j.~« (jt jSjJL jjjl>j . 3 J_J jJI 4J-J1 <> (»jU otjLU 4JU- ,>j. >-1 

jUJt (jL <a_jJ1 3_- ^JJI J- oU_L__Jt 0J_- oLjjJJ >~Jt jLUt ___>U 

oLu____>JI Jj^» jJ_- <> -Jj* j~ ULl» < J__-« >JJ J-L--- 

j_U-?i ^ ^j 6j- <>* cr^ 1 

^jJI j_ J*JI 1 :__% jt UL__, J».t j- U JJj .- U. M^t l _*j olj*_11 

<^ u <<__». Sjlj^ 2Uj- - as>>Jij sjlj^Ji 4_^uu ^ ^ 

Uio l_Juj (>J1 l-Ljj>JI j ol jjJI Uj _!>*- (^Jt ^j-- 1 -^J^ o-W-* 
.(jjlj^Jt JLuJt ^ ^ ^ <^ ^ 

^LJt(jj_JlQt.m n,J>U. >_1j__Vl*i_ JjJ-^Ujjlaj 

Ji* ^ .oljUJt (> 3jl_LU1 u_-ljLki1 a-^ 1 
>aj) Uj j__ JU Ujjjjj , LjubLi U_ t _U j_j ot jLJI ^jjJ J-U4 
^ v jU_J jUJI (^fl o_jjj>Jlj otj-J1 jl s^-^ ^t guj U 

a___ .Jjww ^ j^' .(1868-1790) _-LU_ jt >^ 6* LV ^ (*) 

^ _^ . j,> ^ 6- ^ o^i . 1821 r uil u^j a_aui 


. M lj__l^>.yi 
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^jjUs—t 1 JLA (jic <-<ltflt Ljjj_> JJuu JL$*-J1 J j— J jL_ «-o jaU j-*_) 

Sjt j->- 4j>jJ jjjj |«j jjoj — 1 rjj i tt~+\\ 4_Cj <-u <_ieJ C-JJtJ j_I1 jl — _o1 JU 

^-JLc J-4-J JjJ__U jLS_f jUj-jJ £J-->jJ t£jL__*_ t ___LJ1 (jJuJJ '(jl— 1 
jrUU Jjj,ui<U £-_J <4_iJ___J1 SjGjjM 4jj_-_iJ1 J-^il 1-_JJ tl^ 'n i n-sl j L^1Sj-s> 
_,_£. cAliuiVitl ^j-A JjJh 0 (jjasggj L^J jL_1j jUj_jJ j__f j-« L__ju jl_p£.Vl 
Sj__L_J1 jl dJjjil 4jju_1 oj—Jk jyjLu ,£__*! cJIwj .4_j_?j_KJ1 4»_£>J_J1 

Kinetic 4_£j_>_l c.L_L-__t jt) 4_>jjJJI J*U_ jLiuil <__u ^l 4^L_>.?I 
jl mh*iI ^__L __jjju __*_u_»! l^Uo.j-ia Jj_- U jLc. __a _l_jj_fc_J (energies 
.Maxwell - Boltzman Distribution jUj_jj - Jjj--— U 

4JU_J^__.I (jlj^ 'tS>**^' <—UL$— -)?1 1jJ_"fi-_ jUj_jJj_J__j 

_U_»- j_u_- <Statistical mechanics 4_jjL___V1 K nKjll JU-~ <ya c.*U 
Sju1_^ (4jj| j_-J1 _^U>jlU <-j_J1 jj_.L_l __!j ^ U») SjLJtl ^-Iji- 
jruljij U1j_1 L4J 2ujSJLl _L_ijj>J1j _1jj_ 4_ j1 _>_.|j_J1 2jj_> __s 

S-itjjLl -__*Ls*Jl jjlL 4__L__LI J__J (jJjJJ jrulj- 4__.__) *Lja__ 4 U i ■ » 1 
CjljjJt Sj__i_ _____ _, t ,iL_f J< ,\\ JLa_u 4_4 _____ j_1 I JLA (Jjjj .4_jx.tjJI 

t 4jjjiy^L _ J__tt ^eJUJl __fl UjI -i Sjul — u_J1 3 jJ_Jt <-_*> _> j_J *_Ljj)->J1j 

j j>Lj (J^jj^jS 1 ! jsj4>. J_vjj UjUjjl 3jjj 2LjL_^yi LSLuLSLJLl c_L _a>. 
Aj^-b l»T ^ ( M) Jjl j~ I j_ J-j - (1903 - 1839) __a_- 

j_j .^JLtll -t_L— >. ^jj jl — i!u I j UL^ — <_} ^JlSj (LjjLLjjj 4 — _aj jjIc.1 
^JLJt Jib U___ bL2_1 j_flVl ojufc _4>.lj j — _c j__bJI uj—JI 4jL$j 

c._:^ii jru_AUi 4__->uji ^jui ^j- jU_vi ^Uj ^u^l _ jl_ _ xi 

^«I^Ijj Jl» ,>» ^Uic ^jljI (^j— j J_> * Anti-atomist Philosophers ^jj_JI 

Ot c> (od>-^ u>-< cP-) J— 1 *( 1932 " 1853 ) J-*3=-— ^ 
l__j (_y_ LjutL— 4_uljj>J Slji j-« j_"t _ — cuJj (^_>l jJjsI f j^a Oljjjl 
j» (_yiLu (^jJI i jUj_jj jf _t5_ij .4jjU*j£JI jj_L_J SjlaLHI ^ljiJt 

*_| jZ_VI (jwa " U (_y_J (jJ 4JU—I jL L«Jl— a ^c_j_>! (<_)! — _TI 4JL>. 

AjjUuJ JJttJ (4jL1 i«i-v ^Lu__ 4^ ^jju H*j 1898 ^UJI j__jj . Uj 
Jluu (_ySJ jjjSJI (^aij j__ _1jl_1 4jjJ_ ^Lp.} Lj_! 1 jl 4jL» jjU J__«f 
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^^ii! Uili 4jjU^ ^ 1900 r U! ^ f jl«T U cMj— «i -«^l—^l 
jjsuil l <2jL_p.^il iL^Uil 4jjL>ai <j£ ^ ^jj) u—« 

jLu_iJ 4j| jJlljj . 4_uJLc jUujI S ^JUJ 4j — <i! 4jt£j <±*stJ1 I j_ ^JM 

<J»Jt < 1904 f L_JI <J* Sj^UI -LVjJI jj»L__ j c^i ^JJ 
^jaJI jlj US io-jji cJU JSt World>s Fair ^Ull (^_1U J& _lju___* 

(joLu jL_ l-j^ tLJjjioJl-' 4jwL. (-- _jj_jL___uj l>* ij— <jr"L>JI 

-__sUJ1 jJ_U_i!l j SLlwj^JI SjjjoJI <>« £J>i 4jL 4_j_sj l-uuJ1 4_jJ — _» ^J-. 

I juk jLid LU jU ji) 4j__jJ1 u^J • ( * ) c J Ut 

SjUJ — (j-T UJLu 4__ (jUjjJjJ (jU_J '^JjJo f J_ ^*J (I i» i Vi _Jj__J1 
(__lj_t>»j .1906 j,<fl'tn.> >- j^LkJl ^jj * L_ljjj ljj_> ( jjjjj <Ja 4j1jL 
^ 3VUo (J^-C-JI j__! <__. £i_ jt U J -<-' l>* M;-' U* SjjJb-jjJI 

4 fLu_ju»JI Ijla JjS^jjJ^OjJL^ijJljj^jl^^.oljaJI 4_JLv 

. jUjjJjJ lj3jju <jl (jj- cv»j 


jgClui tjT lj j»Jl 

^Lijj tiUj ^jl>jit a^Wtj <jj-_j-i CoD 

Ci j-J! jj-J *£JJ-JI <-- CjUIjJ t-JlS j^j-1 jA 4_JjjJI * j-~ (JJjU 

LLuju U <j_j j_s>l CjUIjj *__i_( Ja-. (Jlj^ jL*jL £-fc*jj l_1jj_j .OrtJ^bT 

j_L jj) L#u LLi UU jl^ <jyj— -J I ijj-J 1 - J* oy~^ <J 3* U_ 
^C^AI <j_, ^y.H,- Jju^j *(1905 r UJI (__ j_v_J1 <> (jjj^Jlj 4____LJI 

}Ll_ 3_j_».jj> CjIjJJI <j! 2LLAJ-JI 3jSj3 4jic OjjjsjjJj iuBjJUI er*UH 
. ( **\(4jj1jJI (Pj-L^(>aCjlj^Xa»(J3 JJU UjA LiLJj qC l^J. 5 njn^ j 
jj^j fc tU- ...t l jjja j^Jj Jjjj (jja tltjajU «jaUlAl jJu 3 jlaJI cdJj ^yj) 4_Jt 
(jUAJbl AJjbe^a 31 j , « (>qj^ CiJ&jJl I JlA ^UJ .« JJjc-a i»LljJ» ^jjt>. CjI J C»ljj 
(jjj ,W1 (jjJJI J^" ■ m c Cau>\ (JJIj ^ljJJ^jJI 4^jJ ^yk. Jj-j-asJI 
Jl2^ (>» JSJ ^jJjjJaJI Ja j—JJI ^Jjloj t 2jjU jjj^uhJ ^Lt 42LLu 5_J>Uj 

.Cercignani jjait (#) 

CrtJjtj-ii jtj Ljjj-iij >..jK ,« .4j1 l^jij L*jjj>. U <^ i*Lu ^jUJI Ujj*j (*) 

. 1979 ^jV1 . JL-V jj^ 
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jf -ijjjJll j .^UJI <J& 4JL-Saj jjj t-L-^L^» jjSu jt <ya M — «J 

«EidgenOssische Technische Hochschule (ETH) <_-_-*■ £ji&j u f* *'''j < 
<>_j «1900 ,*LJl ^jj-j) ^ L^jJjiSiiJ ^«j^uJI ^Ijjl-II ^ 

4Jj-*j <*J 4jJ>jj jt JLU ^UUI 4jU_L*l J& \ 't i t t~» <_-U 4j! <jA <<-CjJ1 

L K..Aj<;tA jUj-uk CT^^i? <^*U* -»-1 u! M) -M-*^ — (^jJ Ljjj-m 
jl Lij <<J *Jj -■< U<>> 4jL u_.L_jJI o j_Jf l^j (1909 - 1864) 

JLxl j£ <jUjuJ 4-Lloj <_-ic. Jjjust>J1 ^Jsu — uiJ ^ij «(l-A^u-sLjjJL 4-w| J\a j__-u-» 
<-.u*nn« Ji — uJ <L£j>J <__-C Jjjl-v»J1 4J j — wuU <<J L<. « ^ Jj Ur l — uv* j-* 

5 jJ^a^ (JajLLajJl £y* 4 rth^ « ^|jjf VI 4j»U! j*Cj <<J I j-Cj*j .£j-*1j!» <_-jjJjl<t 

(jjjj <__ia ^l j--*.V1 <_-U1 j_J LjI£ 4W Jji udJjj «c^jJI ^Aaj J>uJIj « J>.Vl 
c£K AU 4_^IjjJ J*-JI L<Lc MjjL LSj ^humIj . 1902 f LJI <> 

jLC <Sr- ( 4itf jl£U <__-» L-_ut j<Jj «<M j-itt c_>L-jf ^ dkaiJ <_>--J) 4 mUI I 

d,irM jljjt j-4 1 JbJlC j-u-tj «(gj J--»-V1 ClUI JJ lulj lrn in l frj* 4j1c jrJJUJ 
Jjwu-sJI j_%^Vl4AJj_--^ jt<^J.1905j 1900 <^U jruU* 

i^uj^ji jl^jii j<j («j .<j^jjI£Vi j*-ji ^\#\ djLcjj ^IjjjSjji 4jwjj 

jSUj 4jic (JaL» j-l laj 2Lj j-C j<Jj i«?1jj-<uJ1 <-jL__>.jj £-Uj 1 j-wjjjJ&jU 

JjL-uj IjjJlSj jf L^jJjJ<jJJ (jj .. . jj.nt l <_-J1jJL«JI JLjj-JLl or*J>^ j L. , b"S < n 
<-JjjJ1 jj* IjLAj . JjJ-J! CjjL_>. 1j| ^jjjj 4j»jsL> (__J| ^Ijj-^jJI 4___vjJ JjjJ 

jjib ^j «Lcjj-ajw* L^ JjLu 4j^Lj ui\ 4JjL_j» (_*;j-vfj jry--ujT 4<J — u» <_*j_xJt 

j| JL-W-*1 4jj-! <>- 1905 ^LJI cdJj Jju «4j ^JL-jj V! SLjIjjUI (> 

jjfc 1ja*J S*^ ^JJJJ > 4-u^'ol UUj Lxd j^s jjSL — ui 4j1 (^Ij j-->U < ± , <ir tt 

j5_j <___«_ L_>Lijj->J1j <_j1j jJI 4_g_elj U^jJa c_jj! jr\!-*j jru j^ <JjVl ti«__*-JI 

.l-Luj (^T 4jj1jli V 

1 j_uU> jt .3 j nt d\j jJI 3j_C^ I jLS jjjJI <il aUT I jf j£jJL j_)Jl>J1j 

j-Ju-cJI ctiU^Loi^JI dju* f*Ujwt JJJL4-1 5j-bUJIj 4lu->J1 JjojJI j-« JUjjJI 
4i£. t_jj^"; it> (^ jJI) jjjJ <j-(l — ajj JJ4>. (j-tl 3j u \ta jjJJ*J p «jU> I — « 
jjJlSjJ 4ij> jujj jJL^w . 1816 ^UJI J& (j ^jUJI Jj-aiJI <> j_j<I 

^Ij^Ij^jjJ ^OrUaOal qT ,„t ^jLi-j qT drtJ—J-uT «-ijjV ji*J ylS LiUj Jju (*) 

• i»LcJ jt LoJt ^yk. iu-ilt #j-(b ji.tj (jl Lb (i>>J . J^-till CjjLk i_U Jjj 
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Surface tension ...tl j_j_tl 4___,1j_ J}U _»» *Ui o_u)j>- ^ U_-t 

<j-3>-*J1 -_«) _._£__-V1 JA JjocJ -u.-ti *l A <--j£ ->U 1. 1 4jjj_«, - U J-t uJ 

4jJj _ T «-U...tl jjjjJi juuuu _£UjJ ._U,.ntl _,_- 4-J__. 5jj| «(«JJJU» ( JJJ-_ti 

Ca^ jj jl - <j__*J (jjj L$____-i cj^^ °^Sjj_* U 

jLuila l_)Jl>J1 _)Li JjLuJJ <__1_J1 f_s_>J1 *J__><-_ j t < J . 4 3 i i^t 4-Jj J-_ 

l^jj_*J L$-»j- olhH** ch^ _^ "«1i t-jLlij^Ji (j£_j **U_jVl J£ _,_ 
t J<i ...T _-li ji a_+jUJI j__f J___ <_jjj>_ «_jj_*J1 4jU_. Ulu *<___1 _j*i 

tfj-j___ JJJJ l<-Oj . J-l uJi ^Um ____ 4_jJ 2j___ 4 — ufcU_- (jj_J 1 J^lj 

Sj_ _;j_«j 3* ^ '.' '2ji> L --W '^^U ol_ jjj-ll 1 j-_ <j_- 4_»_i_J1 3j_J1 _J ^-ti 
.0_yj_*Jl ,«_»_- jA l^o-r^ <jL __lj- 1 4__jlt l^Ji j-__JI _£xu t_j j_*Jl 

(<U*_w (jt <_J} 4jLL___- (_> J--JJ ( ^Umt t JJJ-Ji 0____-L_ (-__ 1 HljM ltjj 
(JJI *j_»- __Vl 3 J___C J Uj-Jt (j_U Lo (jj_J (jf Jj V «dUI oUj ... -W »-» U n r U 

(j^ (jjoLa *j_*. u_Jt 25 J __VI 5 jru U (JjL-J U jAj t 4\__>j_Jl (j-a <jjjU 
jL*_i 2Ujj . 4jjJ_-JI _jIjjJ_uJI J_--f 3j___u ju_! juluu U J-J *j "' » i"' — 
j! UUj L_u_Sj (j_J ,<J 4__Jj t jJj-JJ 4_j_u» JUu 4_JLJ1 4'nnt l __3 (j-b-J J-_— * 

.(j-_? ____!! u_j___> ___- _y'-^5jt UU_ L__u 

_jL_L_JI _h« JUJuJI j— — _ j__al_JI (jj_J1 (jja (__!— J1 < rrirtitl J^_- Cirtrt-»" 
(jj_JI CjLi u -.-u (__ _J . Ji-wijJ !>_-0 <_) j____j (jl _ri_J (j_Jj (4 — Sj_ jJI 

2 U j . > 4j_3j^*^ _jo_l*_ujJ jL_jj _;jl nKttll (_yjL.<u_ J1 ^j____l j— —c j_t_l_JI 

(j_U_j JjI _j _;! o_uj_w j^uv>> j! j_"! . Ijuit tlu» (jj« 3__l — _uJi 4jL_ 

(*st_- _;jL_j JjL_JI |*_t_w (jtj i L^Iij jrlji oL.L_ j_>-jj _uj_*j t L$jt j_l>- 

_H_- Lfi1 j JjI _J1 ^UaS (jU fU (j-aj . I^ mtj _-Ji 4__Lu_jJ O-Jj-hJI Jl> 

(__ J-J-JJ (jSJj illlD (___jJ 0_jj_>JI _>LB * jLc. Sjjj__ __fl j__a_uJ 

jLuJll JL__ij_- (j_L_! __Lc cjLLuo- _Tj->-1j > L^Juj |_tj_i 4_vl um 4JL>JI _ jj. 

____,( .oK U* ^t Lj< i 1 ;.* L* -_u_u iuij-JI (1895-1821) _.jlh___^ (*) 

«3_m-j-I oLijJ-KJI «UJb _- «U«il j__>Vl (>• j^-T _J1 ojj*. « «j * jj_*j J-aji» ut 

^lj.1861 fLJI ^ 3___-J1 (>_j _>*. ___ Sj_-Ij Sj-i-^-;--)/! I__j-i_4j_ij 

_> Uj___ ___lt -J_HI #j__»V 4_Jj_i_ <_^u> _L Lj_c J__1 L&JJ 4-uii ^Jj iV__l C-9J_-> 

.j-i—C ^— bJI (jj-_ I —t l nj*i» t h t SiY iA 
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dJJjj 4Jcjjj3ljJj <, jjjLcjiil cjj — ui>JLI jUJI tl a 4jS}Lc. ^ jj*JI 

4jjjujaJI (jSLIj . jUJI ^ 2LcjLJ1 IAjlo1\ 4>.LjJL1 ^ 4£jjlL Slrtl <m< 4ij>L 

J^ ■ ■■" J& JI4JJ J 1*1 r £j-uLJI (Jj-dJI oLliluj ^ 4-2jjJaJI tJJb C*jL_u/ <_,jJI 

4L£ JjI j__JI * j— ciLal—' jj jujj Sjjjjusj j>UiJ1 £jj (>• oljLc 

^ U ^jrU g-A>Jl OJjttuijJ f>L_j — uil <_Jj £->oj . % i , ti , V a JjI — uijj (L^iuu 
cljA.1 4jl_\j) *Ij_ 4JI ^ oLLjjjJl JJJ^J (^Jj J— *J-»J — — >Jl 

L^Uj jl 10 35 x0.5 j*j tjjjUjat _jIj 4-*j3j ji»JJ4.1 <> cwU' 

CuIjj 4i_J1 (J^JJ Ciljl iJI 4 u.ljj ^ L*jpa j>T I JjLC -SJ>J .(I j__ 22 

4jjLul* *Jajj_ Clx> jl iJI qj*<-*j&-a jjj» oLijjaJl jJ — C - jjjl — cjM 

*JjJL>jj *OJU4_jJ OjLu ^JjJI 4jJjju La j_ I jukj wUiwMlj Sjl jjkJI 4>jjJ 

t^^yjj L4J 4jjJL>JI oL_LuJ1 

10 35 x2.686763 " 

f L*>J JuJi>J 4l< Qh". AimT Uj JjLu 4_£jjJ_I <j! jj 

Luoju^i. - JJUJL1 <oljUJ1 ^ 4_L__ j cjLjjj>JI 

4jj1j^J1 ^L_wLl.jJ1 ^ __Jj_ j>.tVi ,„1 j.,UI^ j___ J1 Jji>— 

LgJL— J_J • J— — £. uiLJI (jj— J1 (jj» (jyjLJI <_■ < _, it l JjA>. t_J_j — _i,1 

Jji>JLl oL5jj>. (j! jJbj t4ftjfl->. Ijp? JUJ j-aVl Jjl 3 A i „jU Sjjja 4j_Ij 
. jUJ I oLujj». <jJ jl_ 3jJ— > ^l jj (jJ* (JjLLaj jL_j Jj 4j — uVj L^jJ — ui ^ 
^__Lj — >J-*J 3j_>L_ _J_. __ ^g*MinT ljLaJL » lml ^yjJI 4\jujl<aJ1 Jjm — ujjj 
^La (^JLUj 4jjL>. JjV"»Mj .Osmosis ^LluaJI ^in l ut l j! ( «4jjjjuj*Vl» 

(jjj ^UI oLljjj>. jLijJ (j-a^j jKj c_>jjij 4j j>-L>. 1 ^«i n . Sj j < rt < ^<H ^yJj 

jj£, jilM (jjJI jJb oLijjj>JI JJLC (jl ^UJI JjjJLI Jastlj * IjiJM>. 

ijjAj^i sjsi JjLuJI (^jjjjws (jlj *3jl>1jJI 4_ul!JI tjs 0U0I J^e^ j\>.L>J1 

cjLljjj>. (jj» jj^t ji! uJI oljjj>. (j? (^j I j tVtj . LuLj JIoj — ui jiLcjJI 

utP • j-^UJ1 ttt\ L» (3*3 j jLaill 4jj1 ^LjjJlJI j-lc jLijj (jJ Ljjjlja **1JL1 

(jT <tX — i; ^j>.L>Jl (jrJjL». (j-a J^ ^^JLc Jjl — uJI (Jjj — uJL CJ JLstJ jJI U 

^jj)U i. , a j 3 yA JjV 4K miU * J-4 I j^jJI (jn*- (j-LJt <jj» 0 ^Vi«t 1 4_lJx.V1 
Cajrej <jj>-L>JI (jji (_jjL>J1 1 juii ^ylc jUjLuaJI jjjj jSLuJI Jj^-j 
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l___jj dijL*j ^jJI >a (ju^JI >^ <^^J «. oi° 6-* S^W^ 
.4jj1jj>JI t^LujdJ ^LJI ojjUH 

& sji >>ji ju* ^ij i^isJi ojiLiiJ au , .. . J 1 U**oJI ul 

Ijo^ L^jj VII* jjjju <Sjjjj j!£SN ^u-u^Jl ^i^jit-^j^l^^-u^Jl 
f UJI JjuJU OJ^ <> ^jJtl £_lj-^J1 J* tJLH o- 1 * V,J 

^iwL-.u,JI f j*UI <> 3jl j_^J1 .(*Lj-^sM tA 1 <> 4 '.' " ' H J*j) 
4_4jl_U <jjj • VU*1 jjSJI Sjlj-^ 4_>j_. 4JjU* <^ jjLJI *U__J1 

Ujj_? fJ <>J jKt f U_> _Oj__J (o_4_ _*~ cr^ jty *5 
Lujjjj! L_j Jj_— fj u^ul >__ «S. 43.jJ) i_P Uj u-uJ 4*jI_vi o* J—*f 
ju*j <jf LJj .(4J_L_U 4jjUj J>_*j 4jjAJU» 4_SU« 4*jJ <j* cSj-—** tP^ 

J_U ^ Ju*j ^ iy>3 .«_j>1_Om 4,%uU\\ __ Wi» LJjij ^1-1 <jjj— ^ o— 
. du^M JjUdl Ji.1 j ^Ji '-5-" >^ - * UI <jt *j3 *U_j_ ^ jJI 
^ ^LJI <>L_Jt *U1 <> U^l jal 4l**j I juj t j__uJ1 Jji~* 3jS <>> 
j^UJI ^jU (^lc JjLuJI ^j_— LUc ^jjj . j^UJI i> ji-^l ^L>J1 
j_aVl j-*I«jj *U 4j jj»jXI c-*jUJ1 Ja^JJ 'j~—~1 4j jj*jX1 

£__jjV1 _*>L_J <jc ^iLJJI JuljJI j_U_JI ^uai jl <_Ji JL__»JI *ju_ J^. 
ili.u j_J_»l c-uUJI Jc. *U1 jruj j^UJI j£. jj^jJLI JjUJI 
,(^jj^Vl ^LuJJI j^ jLUJI JjUj jJI »UI Joi^ 4jj1jX ui^ 

^LS JjjJd u^ ^JL-JjAJ 3UI ...ii (jSUj M?j jrt .. .VI JaijuaJI u^ ' j- 4 
^U 4j|j (jjj*«Vl J^;.MI cJlSjIjj .i-ajkHI jlj^J— «1 JU ^UjjV1 (JjU 

jij uj^ ii .jjUJii Ji-L (ajuji ^ (> ji-Ji jaj) ujI jJLi oIjj> jjii 

^ ^j>JI V Lu^ Jua oLjj^Jl ^ J^jJ . JaJLuaJI jlj JjUJI j^jj 
jjj 2LuL*JI Sj-UJ La Uj ,CiLjj>J1 cUjj J*AJL 4 U ^jJI JjiUJLl 

^Uj^oj <G^>Lc J>U (>a uUjj iCjLjjj*iJ j^Jl jl__uJl >U .. . jl* 4 .nrtt l ^ 

^j^-lj 'U« I jla J^ up_uJjT . »L_. fi.;t 1 jor. ciLjj>JI jL-^ujI 

^UJI ■ - ^ 1 - JjJuu CjjJlu» (j— iJl) 4jxJuJ1 4lI1 — ^j 4-ul 

oj V,Ut ^Ljjj^ub 10 23 x2.1 ol^ jj^jAte^tjuic-^jb^ 1 ^ 
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j-}_->.J .j_-T <_J) t__»U- jy- J Mjlii ii t l j-4 *j_w jjJ-U L>* Ui^ 5 

__Ujl_- -j_^-__~ 1906 f LJ1 _ijjj-v 3jjj__ (___ CjjJu-o _JL___jJ1 jl j-jJL. 

CjjIj I J__L_> J^Jyj J-L-aJ l 'Ut _»1j-iJ .4j__ j__»t t-JjUo _L__> _-_- S_-_JJL>- 

=10 23 x6.6 1911 r LJI c _-_-.l ( i_ 10 23 x4.15 ^u^^JujJ jL>-L-*5-t 

Cj j_JV jJ-.ll c*__J j - 4alUi- j*_J-_i1 I _L_» Jlsu (_Jj_vt <_Jj1 — j— SJj - 

S*^ 3 j_u£ d_3J_) jjjLcj_l! C_J_) _-l) J_?j^o j__J ^-ic __J-_-jJ jrj- uwij T 
JJjJI ^JLSj l-A.I^ ,„t ^jJI ^i-JI Ja-JI 1905 ^LJI jJ+sj J*_-C|j 
|j__ Li_jjj ._>L_Uj _<J_»_* (*"->• --I- <-jlj_ _j^-j t 2_c_t__ — ___'l jJ__ i J-SJj _> jJI 
Jo-I 1 j_fc j_-j >l £j_*j U -__>! ,„j|| j_4 £j1j j J_9 ___c ^Ljjjj. 2jj___j J — <uJ1 

I y\£ j-*^ _^l< m<II ji-T LUc <-nft! i.Si>) . L___L_ MJ_ L^i*-». -jL____I 

-t__>j 4_uL-a>) oLi-J L__ol J_ol J_utll |j__ j<-lj .__ljjJI 4j__)Ij ___ jj£__u 

.4JLJ1 jj___JI _;jL« __ic ?Ljjj_JI ___ Sj-l^ ci _'L-_ j *j JU*j ii__JI iluj L$jl 
^L 4_ijj_ai 3 j__U_JI <jji AijT 4xS ^jJI _-<j ,»>KJI ____JI lx_ JjL__jj 
-___>j 4jI jl> , t mrtj (jSL; pl jrjl h.1jT jt (>a f_cjJI I j__ - 3-ujIjJI 4___j_»JI 

L-L 4*«_ j__ Iju-j) 4j_-L-_I 4JjV| *pUI «> J-Lil U_)j .4_ujIj_JI 4_j_»JI 

4____>1 j LJ jjuj (jl (jSUj ___u)_jJIj i_jIj jJI jl <__j_' jLJ (aKJua j\ JjL-j jlIc 

JjLLjJ jl j_-4J 4_u_»j U jt <iU_ J_y> _?ljj •0U J -- cr- 2 - -° 

: JL_ _) 4___J 4JM^___VI 5j___JI 4__dj- ^jlj .2_3jj_-l1 2j_-U_JI 
4;Uj)_^1 4j_j_»JI 3jjtx;U l_^jt!__te_J| 1 ju. (___ -^uaTu (_fl j__ 

a__udlj uuj-L-.jj.UILj 4_^jai r L^_lo1_ f L__^^l j!_j1j_*JJ 

_5_Jj jl (4jj1 j_*JI 4j1jj_>JI ol_j_*lJ 4_»jIu iJU _* J_lj-_» 

. <_i j_C__Jj_-J. Lj 4Jj^____J 4jJJ_I — _-~ j_Uj ^-5t_- C-1 j -__Cj_- 

jj_j jl j___-4J i LlA U__J_sl_j __x!l __1___>JI ___J) 4j___1ILjj 

oLjUJI jSJj i^jljJI 4jijj_KJ1 4_j_wJ1 _.<_. j U -tijLU, 

t 4_jJ1 |_JUu ^ . „ n jji- _l t_uUJl l_— _> __I) 4j____JL (_J 4_-L_JL1 

.2JL__vll jL_ij ^*__>- jjjSu j-c 1j-»-Lc. c -iU-nj U 
j__ 3m |»U*.Vi l j-j . jo-* 1 *-?-^ ^j** c>T b* -^jPj -1 o* (*) 

_n_- UiUa f$C>*J *«=»IS»>*-' (*^*- Lu,l - S ^ 12 - cr--" '^ii 1 - 1 ' jl i-UJl UJ_-_f - JJ-*- 3jU 
._j11__>JI j»U__V cil__Li_i < rtrrtt l_j| __i_j I jjb oli j_j_tj_t __j_ oL_L_ j-JJ >t__j 
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i»-ifejU 


cjUJI <JL_ <<u_1 <j- juCuma ^ujl j-JI 4->J1 <*__.l <jl SjL__VL jjj^j 

<^_ 5 j_A_J1 J_»J *(1858 - 1773) jjljj cy_u ^j-JjS-- Vl 
oJJt jl __J . 1827 ^ UJ1 ^ *jj___.jj_o~ j^c, ^LlUI «jj^J 4__jU 
(j_*u_tl o-- t-L- ci-__j J2»T Uj__i^ <-__!) ^J-^-' 
|jj .^UI _3 L_j__- JU. cjUjjuj _jL_1_j-1 Js__ <Js> _ll__j L_ _Jj__j 
U jUj_« j_Jj^U1 <>-^j4^ vj*~-' ufv^ lj_> j! j-Vl Jjf 4J 

(,lj4J1 jl) J_l___ (_* —U* £jj <j_ MJ^ L^T _ ^ 

_jUj___v Jl4 <>a) _iLu__>Jl _j_" (jjj ' U ^ 

_>j .2LpJ1 _iL_l_JL 4j___Ij 4_M_ l^J c*_oJ (*lj«J1 <_a 4_jL_J1 jU>_J1 
jjjyj-. _dj ^jjJI o_j-JI <_—">» jf ^J 'j-— t j>-' ^ J'/' 
<j_Jj - i__j_JI £__* oi_jj>J1 ^jLu-j c.i i«t _>j__ j! <j-_Ui 4_£j_Jt jt 
ipj l^_LjJ3 j_*J «4__Jj» jl «4__j» ->J_j __.1jJ1 ^j>J1 
Ij^t IjljLo j_jbj4^l < «_**(>j-^j^- Uj-^ JUjob _-^ V_L__U1 
Js_uj£j__1 j___ c ____J1 t jj_JI^^L5j_5 ( >.4jjJ___J1 ^lj^Jj 
(1926 - 1854) <j__. -jj^ - ^jJ «-_ij__! *L?j^t <__ j~ J_ J___* 

4_j_JI jnHA'.t -JJ- J__-t 6? 1 j_»4 ^ (1916 - 1852) cS>lj ^LJjj 

IjJ *1j«J1 jl ,UI <> lilui Uu__. oi .^L_o.J (j-L__l _J_ jj_ ^jW 1 

Sj_tl jl_ u_U. J_ j_ 4_i__ _j_jj>JI j_ j-u_ jJuJ j-4__~ ____J o-^J— 
_>Ju*J (j_Jj ._)UUJV1 £-±*>- (jwa t^— — 2j_1 <__ J__J_1 <-- jj_ 2j_ijftl 
{y* t__U _iLjj>J1 j-s j__Ct jl J_.t 4____3j jl j-^Mj jj-J1 L>H 
Juj . J_1j Ll.U 4_> ^jJI t_*jL>Jl (jj» IjLuu ^JlIj 4_pJl (j_*J U ij_— -I (jjJ 

4_LUI jj_s! jj_ (jrt*- ud— -^' (j^j->U__5j_iJ1 Ujbj^J U^j! 

^Ij^I tfj^J -jJba Ujj_j ctlSj (j_- (j_J ^ 4_ji__» 4jjU_-i 4\iij_J — — — 
^ 4__UJ j__Vl ^jj_j *_? (J^I-JjT (j_ >L-I -|) 4al_ — jL__1 

.(Sjjj_U1 CjLjjS/I (> gj_»jJLI 4j_- (jr- tt^^ 1 ^ ^-^' 
j_ j-uU1 j^_1 1 j-> 4J (jl^ <jry_-_jT _*j (j! <> (_u__J1 <j1 <-*jJ°J 
t__ju j_j Uu_J Lul <n-»jj U_ Ljj U_j_ ^j_ jl - 4_j Ijjj_»_ 

(jJJ JL-1j ^L-JI 4_p* (_yl_ ^SljJl __i__J1 (j^ V^ L^i >i-— 
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<__*9 j"«<g'* (__j-j 4jj_-j (jtSJtt <__*3 (Jj->-Lj jT 4-tJjiaJ C_jjj — ui L^jla l__)Ij_>JI 
^dJuj <jf Juu 4jL*_ <-JJ jJ *4jj1j <*<ir ^ 4-i£.tajul 4f> j_>. JS ^j^J j < i &*i>>yt 

^jJj (jL UUj dJJjJ jl i,.tfl JLl>.1 uiJljjb (jj-u U j-Uol (__*_ >LJ_. 4___l»JI 

. j_vT dUol (^l J^JJj jl iC-jl-J C--l>. (__J| JJjJ jf i4 < <tn*i aLso^l (___. 4jjIj 
4j___u <j-« 1 j*ttS" (__jj| 5*al . ..ti Cm'») ( L>.jjll4 IjL-__i-4 ^jjj 1_$j1 4_se_u_JIj 
(jjSLl (CjL_vjjuJ| ^--l».-v jljCUl <_-_-- ^-l5j — <--* J__>. (__J__ (j_iL_u ^pilj) 4j1 JljJ1 
.^yjj^l 4.cL}aJL>Vl julo (__j-_-ij| (^jJI (jwajJJ (jrJLiJjJJI jJL>Jl £A 3mtl na UjIj 
, (c-Jj^l LtojaTou icUajbl ti^t 4 ) 4jIju 4----tC_jLS' UJj! IJlA (JJLuajj 

jlCGj . Random Walk «"LSIjAjJI 5 jj_u_U>> j^l "uUaJI ^jla lJ^l-jj 

(jLui Cil j (<jrt_i uujT l^£.Ud ^jJI) UfLt -U*-*J ^.-Jl oUL_-a_*.**_ , I (jl l_U_> JUu 

. 4jlu_U j-usLulJI JI_»o l-__->j (___. JU*_> ijjJ U j_*j (_____ 

<___-- UluijU IjJoe-a IJjJj ^Luaj <4^U_>J1 4j1*-JI ^LAjI (jru — uujT £l->J 
U lj| 4_-_v*>ULj (jSU) (jjJI JjjjJI jj-j i«4jjjj_>JI 4j^>*JI SbjJaJJI» 

2LujIjjJI 3->j_>J1 4-__-">L- 4-djJojJ J_*jUI c-jjSt — Lujj^Ldt (jj^oi <^"<^.l Lil Lup 

jj jLc j-S? l1<__jD "L1_Ll4 (_J| (jy — JujT Jj_-jJJ . UK t — £*>Ljj-_-u u — £> 

4__2u (jC CjUxul>JI -JJ>J (j-«U--I JjL-JI Jjutllj <JjUljj>JI 4-j-_ 4Cj ( «t 
10 23 X6 _1 JJjUjjll C-J_j4-U_> JJL-J .4jjjtjJI 4___?j_>Jt J>L>. <j-4 L^IjIju 
i 1905 j-UJI tfj^>Jl (j^ cW-~ J^- 1 Cr- 2, L-LL-ub Jj i ^ii < <<•**> JSwuu (jjlJ) 
lJJI ^.ic jlv( j jj»j ^xu_>Jt (^Jl 3j <<i?tL ^ (juu UjJa 4J (ji^jti <« ^ jJlj 
Ljjj . 4jj1<j 1 7 L^jjljj*. 4->.jj e-U ^ (3U«j i j_vT (jjl lJU (j-«s j *i ,« j , tll l (j-a 

3j-v|jJI 4-U-tjJt jj 13 j"4jilll (jv» cJ-tl (jje> <iljj>.l 4j — <_t <Jjjjj JJJJ>- Jjjj — 5e_l 

4*i Ul LjjLjL-b! 4jUj1j (jSlSj ^Jjl J^Li. jAJj-« ^ u_>J| L_JJ*_*U L-Sj l-u) 

^jctjJJ (1942 - 1870) I j-u ijy>~ ' j • ( ' j^> <^ j h — 
j_<!ujj .(jjjdjJI jjjJ-JI ^jjl Vjj-3j ^(_jJajJI jjj j JI I jjt J*L« (j^La (__*) JjUTLII 

Ua <( jjj i^tttl (jjJ-U JjVl JLOJlII (jj» 3j_L>.^| CjljJ — uJI J*>L>. * JJ4>> ^Lj 

4_JJ>J| <■ ITT J JjJtluJLl (jjO (jl ^-J (jU*-» : Jj-L) 4jJJ L. dCl (__SJ (jpjj ULLlT j_*L>. 

^jj_9jj,1 |ju)J 4jjIjj9 <___- 4jj— — > (jjo UJ L i4*JLJ| 4*3 jJI ojufc JIoj 4jjj1j-JI 

^ (Avogadro Constant j^jL-tjjjf ojIj L-ut — ujj) jtjjLijit jjulI 41jjl>JI "uo-JI (*) 

.10 23 x6.022 
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Jl*SjjJ j_A ^JI 1 JlA 4_u_»f _£-_« ____. 4_lj SjLi} 4_£ I ju-J .«4J _-_1 OjJ ,rVt (jl 
J^ck 1926 f LJl t> 4j! .5 >--H *Juh J}U oLjj-^Jl j C-lj jJI %-ul>. 

. I ju- 4JL-J Jjjj 2j_L». ___£. I J-U 
CjljjJI Jj*.J j£j^ (jUjJ (j-i 4___j (j-<> a*Jgj^ J3 U h" mmj T <j£j fJj 

j ^j 11» 1910 ^LJI jjj__1 t> --u_j . jj_Lcj_il i>* 

0_Lj_>. J-_*J <ijj--JI ^i*tiV^ du*-uj£ (Jjij^l »U ..itl (jjJ --*J_*J t *^ 
j_£l 4jjfl „n 4_Lj--J1 ^ 3jjVl *j---J1 Cu, , .Vn j .431 _ ,lj*11 jliJI 
£jjVl *j_-_I1 Ot c-u— -Jl j-> IjUkj ,j__-_»Vl J? j^*Vl *j__-_-JI «>. 

j___j _.}) »U ,„H (^ c-UU-J _*1 J* <>. LJj ^-jL — ii1 j-U-JI 

^.o.g u.ll (j-s ^-J-M s j___ll Ulu *(*U--J1 -Ij-Lal J*. ^j*. J\ *(Jj> 0"* 

4_ul uj Ij&J* J1 J-2 oy^r j-^W j j. w j -^LSjjj h — ""W* 

^Ulu^ j-i-t- o-l—^l ^ (jSJj ^j.uaUc.'- ,VJ1 1 J-A 1869 f LJI 

^jji jUiJi j-_-_u >-.- ,v,ti (juk oi M - *>^' t>- 'b-^ 1 <> j 1 -^ 1 

(j-^uUI jt Jt c-u-JI ja OJ-N C^j^Cy o «« «_>--» 4>« 

( (jjji4 *Ulc _---_j -ljJJ-^ ^J Jjjj— £JI JLic Ij1j-4--1 j-£! LJ 

J^JI ^l*i1 jW*J1 O^J W <jf Cr*! Mj--> Cr^- 'j— ^J 

p ,11^- (_J jJI jA (jC< A «jT (j^J J '.«.l^jj LJ jJUj frU uJI (jl (__-> _-U uJI 

jjjU:j*3t <_jLul»J dLujJI «L9jj LaJ yMttt* <-jl ,«^t1j ^U^jS?L 4jLuJ.1 

Jljj ^ (jl J*\ jj^l ( L*£.I j jLJj 4^ cJijJl J& jkjLaj ij^T ^jL-^Li 

4_u^1jj JlLl1>. jSjjJ .1910 ^L_»J1 ^ t JLIJL». ^J erJI ^LtJ uajJI 

,Ci\jjjj>J1j CjljjJI 
I j_ul? J»l tWt> 4j| VI * JaaII 1 juk j -r ». »j ^jL». (>• ^jJI t-J-i (j^Jj 

£j_-9j* L-ajT^LuijjjJlj (( jjj_j-}jT4jj£juj U J___at j^ 

j-Jaj (__13 (jJtij .jjju>J1j <J _u___Vl ttuo. (jj» L_ljJ__x_L (j_CJj f.ji_-J1 

(j;j-j <L ___sU1 t-JJ jjaj (jl U«jJj t L^U___ Jz 4-_9l_kJI 4jj-__JI 4jjJ__J1 

J__ <--u^J ^Jj--J1 4_lu__ ^4- c_jji__I j-__C ^ ,,il-JI (jj-oJI (^-3 JJ--J lJij^ 
^Uo j__;f J*. JjJuu JL-4 t-Jl ^UJI 4m-1 uJlj-i t-JJ (j^----jT 1-u- 
.(jjjjj JlIc 4-j_>J1 (jHjljii t-J-J iL-JjL-Ti ^U-JI 
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<j^ J <>al!i]| (jj— dJI 4jUj t 

^jja VLij-u 4jLj£.L i*j-uaJI (jc (jJ^JJ ^ J ^ rt * 
^ji^jJI j (>*a^Xi ^J^ill j-A iCjLcj — m> 
£»-jJJ tCjLj-j* sjjuaJI <Jj — J (^jJI (jji^Lltl 
SLae^al miII AlalJLi (j—jjjj JJ— ^yJj t-J — 1 j 

L» jjlSj t 3 j oUtl «uLuil Jj — u<j ^jLHclj 

Aj^Jaj <jf J*>jj (jLkjj ,^1 jl_ol_sl ^>-jJ 
£_Sj_«__!l (j-a 2 — a j 2 jv J-ua^^l <____* ^J — -__»-JI 
jl *£ruJtoJI qLij-flJl _£J-* ^-lc (j-CJj -(.^J-ti 


jjjtluil (4J «iit j t 


U-uJ (jJjaj jl *<_r^ J^J ^ LTH ti-^lj 
1j_____j ijl_- La J^ ^ UaiJI <j-c L. . fl j i ™ a 
4j! (jJj-^l (jj-oJI <_** J-*^' J^J 

(__-A <_!< tujj (jJJJJ JLlc 4_!j->Jl (jruljj^ ^^J». 

j_«Vl ^ljj . LSUjl_UI e__s J^-iJI i-USJl 


i__>UJI 


I <L i> __l_ 

.1 A»L 
«1905 r Ull 


*L_i — uiLj < Jj—tl (j_4J (^yi^. (4jjljJ1 «JLA (j-<s j*J__1 (Jt_f (jJJJJ jj— — jt 

— » >-1jJ j — — - (jjuloJI <jjJ_1 4jL$j jJLa 4j] *j_ j L_i — uif jJI jJuuLk 

£-a Lgj LL-a>_l Lijf jJ < L$* — uij ^ j— — *2jl_I _Jt1 (Jte. juIuu 3> «— LLu 

j^jj^jJI j*jl_ j Ci iyCs ^jjj Lb (jpjJ <jf * LgJ 9 — uiL*_JI (jji jj_f jJ— J 

La 3 iijrt^ll ^ j_l jj j_J . £_! jJI _,_ *_ ji». L» ^jj- (jjj__ Jj_ L3 3.ji,l 

(jf Jj_ 4J>j_ 4lu- ^JjC J-_ Jb * J-—J1 <jf ^JLc jL- >J1 (_£jlu_ (__lj <J*Ji 

_?b-1 «— 4o*_! «jJIjjI |*jlc <jjc ^jJI *-j — loJLI <____ (jjjjj j^lsu 

jSLui£jj_j_- (jJLlajyi *L>J_t| ^JLc (_£JU (__!_, (JJiJSJ L» J_ t j_J . £J-1j (jL_j 

(__■ __L__>L>J1 j___f t.M^ia <JJL_j <j-> _J--1 *(1663 - 1618) (jjjJUjjJi 

(jL (*j__J1 (jJjJJ — U_ Juu <jj> J- LgJ—a ((jjijJJ (LujJjj<___ 4-lCj j„jtl 4jiKtt 

. J_L*-_> L, > rtt JJUC 4j4_J_3 4j2lJjC J__1 _ (^yjl jJL(J (Jj_4-_ J1 fjj_> (jjQ L_Li-Ul J«> 

(jla 4J_L_ (_1_ lUltKj j-uL_> <jl_ l___ jjx jl_ <jri_- ^L* _J1 <jf __». _L_I j 

(4jjLa l_I j3» L$J __l_ *j__1 4j__> Jjloj 4jjjLuJI <_-___ t"j4in\)1 1 3jj__1 
4 0 j a < — uua J_j__>. jj_ J__j1 t- jjuaJI (j! jJ Lt» t rtjatt j_*j _____ jj_Tf CjJjj 
r>L>_ ^LJja (jJL ^ jl sj___JI (jf (l-jIjj— (j£.) ^jjj — uil j .<-iJa!JI (jj» o jLaj JL_Ic 
.((fjj_Jt JjJ->.» ^jjiI 3j_U_l| (JJlA (^^JjC (jll »fj (L^lSjJI jjuC oj_j Jj_ £jL*Jl 

(^jj— Jl ^Lui (^ ((jrt£Lu( 4iaL>. J-Lo) j^jLus ^m^. ^j— j jJ_ 4jl L_uf J^-jj 

|_ju>JI 4JdL>. Jj>- tjjJcJI j__j1 _ul>- 4jjia l^Ij>- I j ^Ua (^^— J |CjjjJ»J1 jLb 

J_iL „jj_JI t--l- 1j-->Llc >LJj Ijla j^_-Ij .^J^L-Jt ^ ^>--_ilj 

_tj__i UjJ_ LsLoj SjJbUaJI ^JUb JjJ° 1 y Otl ni 1 (jf (jSLcJj i 4j>jja 4nA (.j-— 

J>-1j CjljJtJa jf (jjljC J Jf Sj- p CJ ^Jo Ui _lL>jXI jf JJ*jJ1 L_jL_>JjO 

Jljlat (jf c-j-j — uijj 4jLij t f.jj_JL» jjaS/l (jl_J LojJLc (j_tj . L^ju^jJuu (j j! jjC 

Lj|ija___ (j5_u Vj *4jLlU 2_A> ^ja^lUI jIj^I (jjS_ « 1jL>. Sj .r. _ »U.jJH 
(jJjJLajj— JL_j.f j__ (j-uil; ^sJj .(j_jj>J|j 4j3jJI (^Ja 4jL_ (jjiLjS 4-JUjlj V| 

Physico-mathesis » (jl j_JUj l_jL_ ^Ja _ijju_ j_j *(j-j____j 4j_j juu V| 
(j_ £-1jlJ jf jj--J 1j»ja.jj4 (jSLj |o Jj .«de Lumino, Coloribus, et iride 

jO ui^-— ^ — " -^J V— -— LT^i 'j^^l (j^o^y— 'I 0— ' — ^JJ»*?— — — T 

V — ( _, !-*-'" — til CiLkjjs JljJot jjV i£j-_ JL» L^J—a 3 — jjHI i_(j >Ji (#) 

. Jj_ji <_ii_ Jb.jj» j_ jj 4 a__ai jijJVi ^4i_ui _L>yti jijLt ,3j__j tu_« 
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JJJ->J .£J___JI Jlj^LJ _-~tj *>UI -l_Li_.jJ| l-_jL*-_!I -U-UJj ^ljS.] ( jrj SjLc. 

<_,]__- 4ju_.J JSi <jl_> _£jJI jA LjbUI lj-$J Ijl»»Ij -Jj_fl -i* j^j-JLi 
4j_.L>J1 ^ _jL£ (_£_jJ1 i4 — ____j (jjjjj jA ^jLSJI I JlAj t< Cu. g Jb f (jjj JjJbtjj j! 
jjL_) uj3jju ^J 4jS jJuj (j---_Jj ^JlJUjjX. ^JJ U--_J 0 y±£- {yt <j_j — ___%J1j 
^j l « «<M Vj ejj-_J1 <j_,l__jul V 4j| J__jj (^ jJLcJjii (j^AljJi Sj_- 4 «ij"°J 
<jj» U (j-_Jj i|*jVl j_uj tfj < <i-_- ^jjs I4J Ijj .Sj__bUiJtJ j_aIjJ_J1 1j---u-J <jl (j£Uj 

jJ j*JLSjJ (j! jaLtU <jSL«J (jl_5* (_£_!_« (_gf (_-Jj J^ljj j__>- 4( j| jVt __jlj-*t JL*J U-U-t 
.^jlt £->J-*_J1 l^jJUjJji LjLi^ Ji____U Jj-S-J (jJj-U (jt 


*j__-_U ^jil ^j>*jJI *U>.j 

^jjAiJI _j| ^j — 4 ^jJI e^c-J *1727 *JI (_-__) 0— jjjj SL_jj jl_»j 

tjj-SJI 4-tS-i jj< ĕcM ^yk: SjLj i-aJI 4J c_jt__" fjlxl\ jA^^tl^^ ...^\\ 

JjJj t JjJuJI (^1>-JI UJJJ L>° L*J_-*»-WJI L>* --JL-J-A <jl£ * j j-C (j-auJt 

._*j_s_S Lloluul (^jJt jJjj! JjLjjjJ ijjj ...jy...\\ C.U__»LjJ1 ^cJLc ^ojfejjjt 
tNjiVi 1 »\ <- i-p» t4TtJ&jJI CjUuoLjJI ____■ _»._j4_»J _oL__ jJj$? j__"j__j (j-stjj 

U juij t^jJI) Principle of least action J_ _.Vl t ^^ll !ju-« 2 jf___ 

j-lC J S*i n ej____J1 _jt l_J — Jll j__.L____4 -~^-lj i<Uj <_u^ 4_i-u___J1 (jt_i _»____l_t_-. 

JJ4_>J J_)J_1__J1 I j & _______ J .(jjj L-JI j_-____t (_£l iSU-t-U __l_4_Uj ____-■ 

^jlSuJ <j_/L_. Vl _>jj-_j j--_=>j ^jJt i(1813 — 1736) ^j|j-cV _Jujj_>- 
J___ jTj . l jj j> --___JI <jj_-_JI ^ Quantum World ^LJ^u-^Lj lJu-© j 

U__jI j-Aj L Q t II J_U ,j_4 4jJls*_J — - Lli - o Lj ljj-«j L-j_-j U£> 1 jJjjI 

.p^ At) ^icj^_jj___iU1 j_k_JI jL_____.V ^ij^Jlj JjVl Jf_U 

^j-*_i_jjJ__j C-jUb (^y-- oLu-_»LjjJJ jb <-uf jjfcj 1 1733 jkUJI jj-ii 4jj jl 

4_t____, — __, (jlf?j . _^UjJ1 4_Lj_C j iii i _j1 JL-ai. 4__J_T (jj*__-f L_Sj____»j L-£>j.i__>j 

c__^ j — _____ ^LtJI (jj-SJI cjtjM-, ,„ ji-,1 jl ^ 4_>I 1 jJ__J i L____L__w 

u(L___rijL_l__J1» »1 i^ijjll _>UXt *l JU U-uU-sj l-_j cj_j (_$J ujuJI 4 jjr j____u 

(_.__. jjj-JJI 4_a-L_jj (jja JLi-JI ^-Jj JjJ (j_JJ_3-Jl (jJ J-A ^j-o L| (j| JU_U 

.oL-U-aLjJI JUe-4 
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js J*ju CjK L-*j*j ^jit 4_^j>*j 1746 r L_*J1 jh^ j_Ajj 

3_jjJJ _U_ Juu ^-jJojJI (jJj-K ^-^i) O^h t> tiL*- 1 ! fj- 

jSjJIj jj-j-^J -(^h^ tpl ^-4* *£J+— "J^ — - L^i 

j jL>Ji <j-ajj-*Jt 4jjJL___! ^ c>*-- jJjjI i». 5ji <jj» fJ__-^M j a— -Jt 
t Corpuscular model ^«j.n-y Jl £_j*_Jlj 2L_i*iU o>_L«_Jt ^jkn 
Jj~»jJ1 ____ 5j>Lc t LflM.rt'i SlSj^ULi jjj>J1 jj ...n" 4____« _U_ ^ Uj 
«jjl-JI oU.jj9(jfu SjJ-L* tajjw*3 (jj^tj .(>>-jXt £jj---1 ^^J^t^! 

*jL_Jt (jj-J1 obm ... (^ 4jjjSL« <J 4Jt__wj <__- Jl_)j .Oj-_J1 oL>-jj»j 

l__-_<jj i«*t j^It (__J| <-Lu<itLj __j__Jt Ji^^jj^U ja» (jji^Alt fj~-> (jj j-~s- 

LiA Cj Jlj (jjj SjjoLJI <j-Jj «*Jj__J1 <Lpj <j-j_L)> Jla l^jL (j. "<> "<H 

t-^.jJ.1 ^jjajUI <jl ' rtj^ (j^l LJ < rtMi<"j t»j_u3Lfl L^jt jlu *5-uLju 3, 4ji^> <_--< 

<jj_iJI ^ 4jlL_u (j! 4_-Jc JjjL <JJj-- 4j»L| J(j_J V <j-> 

^ *bju_J1 ^JLc jt (>» 3 <\l a ~ - <J—~---' ~J <J--J (*- O-^J 'J — - lV—I 
jJa-.njl UljJjlSj^j-^aJI 4-^ ( __J}4jjj_-j_Lt^ I— .. . .a ^ aj-L» 

j_fcj (jJjC JJ»Vl *-_»jJ J-__- £-*-<bJ1 (jjUt ^ (_JjU_J1 oLi_J (j < < l> U (JAjV 

mj! jJI j-ljJu *L>J1 <__- 4__u ijx Jj! <j-Jj .-J--- tj;! *ui1jj V 
. 1773 f LJ1 jJjjt ^j3 USj^ c> 2j-SA*J1 <___• Jtjj^ 

jjj\ti aj>>oj jjjj ^u>i 

i£+±u>jjs±ui(j£ (jjjj j^ljo SjlLu 1 1773jjjjj 13 jJjj o^Ljj jJj 
j^jjt ^ ^jjLJi ^ j—aj ajj\ji>o)/i t3 ttcp. *4jjj1lc. ajjjii&j j-^wjj 

^jjLjjJl ij-J\ JSjjl L» (jLj—Lu ^j *4__^jLJt j_-.Lj Ljuu 4 j<j" >Utj 

2_ujjJ1j ^JjA JJ-Jt J ^Lj-__Jt J ^1-JSL't j 4jjojJI J 4JLL_j)/1j 4jj_u j-J1j 
. dj_*C (j» djJ-C 4UL-J1 ^-9 jJbj cdl j J5 *4jjjjjV tj 4jSjjJ1j 4j__j-j jLJIj 
JaC 4jj-v j-jjjJ Oj_-tjJ _u_- 4 ((-jajJ_j» jjjt) 4jjJ Sj — l_! J jt «« jAj 
tjij i4_Jj___> ..jJl ^<ulL_J1 jjjo jLJi) t k . ..^> (j-a-jj *4J jJUj L 

^ 4j| 4_u__»Jl <-*■ L_a_c_»lj Ijuj.jwojJI (j^^L-JI J-_»JI ^ j— *J 

.Zajonc u*^^' (*) 
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(jJJuTj <4_J_iCj [J^JJ 4___Jj___j £ — -_j_u 4 __.1jjJI JlL-cl ij ««LjJJ 4_*.L>. J& 

£_jj__JL (oLtJJI 3 *jl_S _U*_j L» j-s-j <_- — Lcj) 4jL__. j__"L jiLa 1 *U-__-1 

«:Li4jSJ1j pLjj-oJI ^itll L___jT ^ojjkl 4___Jj . l-sll-J^I (Jj—tUI jIjTj ^JloJI 

<4-4JLJ (JjS 3j u-C 4_t — i_-LlI1 (___» JJ_J Jjtjj .L_lJ_t L--jL>- j_u_vJ1j 

£ju-_j . j-j-*_L~ L-t-u-La jjfcj *(1797 - 1722) ^ j < <i jKjjJ JjL-Iujjj ^jkttl 

4_u_-jLj_~) ^.j. ^jJI dJjt uu <jl (_--- ^L-jI <_ <U11 <_____. l_jjJl_J1 £___ jcjjj 

^-j-j <jJL-J <_--- (JJ/JJJ .((— < — wLiUt <__-3jJ1 <____ J-u — uu t*j) <j3 «,'tnit 

*1796 ^-L_J1 3 ' .Utl <Lvjj ^yJLc Jj-a-*- <_--»■,■ j-^ *_>i__jj-C. (__-9j _»j — ajj} 

jJI (j_a SjJlS j ■ »j (jt Jj-i jj^ _-i 3 JLC O JlLoI LuLU j___3 2J J_*-> ^L-bj 

t <__-_3ljJI (-iljj^j .(Ijj LiUj Jj-t-. ^jkttl 4-o__. ^jj J_3j) ^__jj_mu_C <______ 

Sjjj 'L-, . <LtJT j_-_i-3 <jT Jj-j -Ll*JL*JI j__Lj__jVt J--.1 j 4 ' i a < , *•> ^lli <jT ,jj — uj 

J1j_»V jAj ((jrjjJI 4___iJ_c J_C o^t <>»ttl L-jj j_jj\j ^l 4_Ljj___J1) jrjjJI 

<y_ jj_»j l_$j Mj-_j 4-t-C-Lt.l 4_l*-»_>JI 4TiJfc7<jtj iL-_JU L-JLia-C JjVl 4jsLc ^ya 

tj^L-JI J^U-j.L-at ,V.<VI -JJjJ 4-^ j-**J1 0—« pj; ^tt1j4jjL_>J1 

<__-S&A__aT i^_Jj-C Jjjjl_4J_ <____ j 7Tt 1 iil L_--t_-. *^Juj.,-» J?S L»Jfct <>>*> (jJ jJLtl 
j-jJL>.j . 4jl__I j-4 _)J *JJ -j-uC-t, 1 4j1jJ__J <__) Jjj *«3j_->Li_Jl» jL-JJ 4 — ~ij 

4J i__Jj_j L*fC <<jj__J <_-_$ 4_Lu j_jj-J l_Jjj (_,_« __^l_Tjjj jjLuujj (j? Sjl _i<yL> 

( jjj^___*J1j 4juL_J1 Jlj->V j-*j (J----J1 -^Lc. 1800 j-LJI ^j (Sjjj 

JL_«-4 (^j-S J__j___J| -jJJ _-Jc 4___La__. ^j-a (4--jJI (j-J^J *L_J__J1 (J-ujLcmJ (jJL-J 
(j-<5 ^"JJ_>. (jL_U ^ A , „ a 1 JJlV> ^j-LLO t ^"-w (4jL-_. 4_l-u JIjIo l-JoJI 

4j_Uj ,cJ 1 jla <1829 jjU 10 J*) SLlJLt 4_-etj ^^Ji--. 1811 f L*JI 

^J 4__? I Jl_- (j-CJj .|oJL-_U i_-1 J (J-^ (j--- 1 ^ o <j tt 4jL-L^ lu| 4_Ll_>1 j-o ^jj. 

j 1801 ^LJI (j-c 4jT j-AJ (4jL__. OjI lu 4 Uj > ii \ 4-ul <_. <jjj Jjcj 

j| iL_vL>_j L_-i_lL___J ^cj L$jt J-LC tc __CJII jL^JtJll (_;__} L_llj_-_sb__« ^_A____ 1803 

. jjjus_>Jt 4_uJL__ Ll_sj j_>«J ^cj 
Iju l-lu ^J-ij (j! ^L__u — i_u1 4jT 3j_u_CJ1 ^jjj 0UL4I-.I jru (j-a J — >uj 

j_lc ^Li-ejl 4-5__lu L^jTj («astigmatism» j <^.t1 --j->. SLLc 4JL>J 1 -ri-r,n 

OJl?cj (jjUI jL-auj (jT J-j^ajJ (j---* — JjT j_-> (jLSj 'U_-*J1 4_uj__J JjL-jjjo 
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j_ijj U* j _____i-Vl j 4oJj! Ol^ *-*_-- 

4jL <j1 jjVl ______ j «nrtj _»t __---i--1j) (jrytU 4,it"iVtJ ^"n«U ___. 

f L_t5_f j J__J j! _U_iI__,1j t (p^ inn.ill _•_!__ <jj9 j_i_t jt J_--lj J-__- 4 ^iTt 

3-p.jL-- jjjj jj J—j ^ L_j t (J^L_-_J1 ______!! <__-_ Lj__I — __ U_") oL_jj_»Jt 

_>L <<J (jjj * JLu__j j_«- ^u-^is ____ J-u__. ^ ^ jJ-> -J _,_-" LS tj^*2l\ 

j^i (jjJu 6 jJLi ^ J_$_*J1 _)-* * J^ 1 451 3 Vi , Jj _jj_aj L_s1j----1 

J____1 J_Uj ^jJI jU-»?! _j_ l___ L_j_*j U (jSJj . 1819 ^UJI ^ *U-__-t 
f j___JI <j! er^- ----- >? cr^l «J----J1 _>_- ^jjUo 4j cr^l? 4 _->_>_ J * *J->-- ^cr" 

. <L>- JAJi JjOjJj 

<jL_" Ujjj * j— _-J1 (J* J_*l-0-t 3 j — -»--- <_-i_- MjW^ J — *-- 

^ UJt ___ _•__»_> j .j <j-«L_Jt <jj-_J1 CjI jm* mm 4jL$_ _j» _ a -\-H J *-- : 

jt-y. o X$L--___jj __oL*_J _--jT <U Uv_» SbjjjJil ________ 1j_ (_____ 1 1800 

<jjj_u (j-« J-CJ <j_-__u__L_U _^I>j_v-J1 Oru j^jUjj (jj^J '«^JJ^Jtj C-j__JL 

-___jj . j-UjL_ 4j JLa t^_* — II c-»-jXt _A>a-JI «*---' _-Jl o-^J *j— «J^J 

-kUJt <___ _j-Lj .-______tt UjI_wj- _-~ _^LL_»J 3 <iViVl1 *jj_-Jt <jtjJt <jT __J1 

0__wj__ Js-tjG 3j--3 jj_j ijtj_*J Ujj--»J-4 <jj-*LJ (^«. H n jJt -__U---1 1801 
-e________ ____=. oUj-U J__1 Ju 4_LjJ_> 1 — «Uj JjUj -4-4 _ — _aj?J tdj— -_-l 

___ _j_j j_Jljl_» j-at^. _________ ______ <j! -ilJj JL_4) ij-aJU L^__o_u 3j — -t_5t_J 1 

jjj-u j} ((jj__i_i__4 jryLCa (j__Ij J-a-lj C_3j ^ 4__i1 — ... 4_jj _U 1« 
_jt cJ-j-T _*j! jjjj _---»jtj .Sj jitr^itl 0_vjI1 (j_- _ i--.- a ^JJ-W -ii-j (j— 

_,!_* t( jjjj_ jJc oL-__l_-Jt JfU (> 4 -—-__u (jjj_u U_-_-V JA\ j-__-»1jl-_J1 

c_ijL>_) _lL__u ^J_x_-_--lj i J_-.lj_JI _>ut — --»! _-_-=. -Ajj — ___-_» (j__-_yi ^ 
j_La 6.5x10 ~ 7 j_J-J j-*s-Vt *j-__JI 4*-j-4 JjJU __it — ___-J L^jtj (j— JJJJ 

j_L» 4.4X10 " 7 _. T .n^,ti .J--J1 2U.J^ JjLj (4_JJL_-Jt -_»1j__-jJt (3_»j) 

_;__, __J| ^jj _-_Jlj *4ijjL_-Jt oL__U__II 1jj-__y_-jVt d__--_v-ujj 
. Ijlo. t jtsia L__>»_j jjjj _)__*_;--« e?^ cMj '■J^- ^_j^* ---^ _Pjj- (j-* 

(^J i--4_-___l J_W-»- (^l 4jj_*_Jt j>^_- f-> IjJ*-" J J.U" " 'lj 

. jjjj _J-j-U (J-uJ1 <JJ-^- 
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- 3j>j^la i>-jj<» JjJt» (^t - (jaJL». P JJ-« LJl!U 4jf (j^j-3 (^yl^-) *jjjaJI j-sj 
li-^" J-t^- < 3 "'N ^-JJ^* Lr^ P rttU ^ Sjjj_^u» LjJHH^ ^J 

i^j^ Jjio ^L-ujLj ( j uit l (jjSj jjf £_yi*J Luk «(Jjjus») (^jjLo (jjj ^jtlaJLl (jj.ua 
,3^J( ^Jj-aj (j| ^JjAJll £yt I JL^Jj) *jlU (jjfL4 (^JLc JL>-lj Ljj^J **jjJbJI 
(J*>** (3jJ ' ^ ^ < "J J (J-" 1 ^ L>* * J ^j JjL i sj-uaJI j-iujij . (^^jjujjO JLsej 

(j^JiAJI (jJjj* (j-a ejjuaJI jJajuij .(jMjUl* jLjjljILa jLa ui L$j JL>JJ (j?j>J 

<iei*j» <Li».(.uJ tjjoj «J-tis (j-o t U 1*' ^J""-*^ 4 uil uj (^jjLc . U S , ,. 1 1 4>. Jj>. jJLc 

(jjj (jLlLoIjJI jLL>jII tJtt-p- jijjJb Jl — >jj :4JjJLl udJj £jjj j mSj i«J>.|jaJI 

1 1 «^ u a j u (^j (jnlswjil Sjjj ^uJajj ^u* (jw«j ^c.L2 ^ (j!j_u»uj (jrjjj J«JI (j-a J£ 
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OgS nttl <j~ u_oL_j JU jrO^llU (jLbjJLt 0>_- V Ljj_ ^> 

tf J_-f ^ J_3_JI jt £1j_J1 <jL_- _- jJj ((j-t_Ulj_« ju_ jLj_j tiO 

iL^ai 4L_L_I 4_LJ.I oT --> JiflJ3j.tfjS.Vl 4^.jJLI i*_ Jjjj L^jil 
tf jJlj ( *jj_JI 4^.>* JjL ^ l__j_ 4_v_JI ^J— Uj_>L___ <__Ij <J<_*_J 
. 4_U_J1 ^-L 2uj^jil Jo jJLa-^U 4l_>L_J I ut-LJU JajL <j- ^ 

4JL_u» <jjj_> <j_ 3 j_,L_JI *j_> j-lul&J (3^UVI _J_ tfj_*t 4JSjjJ_ 4_j <j_Jj 
Ijl_ gjjj .gLhrttl ju_. jjJ £-jJL 4_j£> _i^j_<j_ JL_ 4j| _,_- *j~_I1 

^jjaj 1807 r LJ1 <* ,1804 f LJ1 j~_ <jU~JI 

jrU J____J i\f.j u=> L»j|j <jj_ _;« 'tn <wt 1»_ - — ua-Ia» 

i3jjl>JL1 oLal ,«{\ *Jufc (j->J->l <j- ^jJol — _J1 J_j__>JI 
<Gl ju V Oy*2ul\ J_*t <>* Uok. _-L., ...11 *j__JI oi '-'U^.' 
jiJ_1 <___JI >_„ ^l * jj-JI <j* j-u-1 4--L__~ j^- 

<>* j!£t j! 4jMj jt c£_Ju1 jt j_Jj (j_>j-_ tfjL__j J-->LAj 
4_a1jJ1 4_>_JLl oL^L__JLl Ljjjljut t 4__j__JLl oL.j__11 

J_Jj jt <4__- jliua 4 -kjJL < n.nJI <Jjl~ <j_jLL_- L^lu 
/*^ j__f j' i__-_Jj jrujl jT t< rt . «Vi j 
*j__J1 CjI>^ jf tf tj <jL j_it 4jx Jjj_t£JjJ <J__- otj__ j-_c J-JJ 

U.j-<u <j_Jj <j_4 <__Jj <__L- (>» _J j__j (J^ja L «->_» <j- 4__»_Lj 

4__1 jj ^Ja ^jjj jtj^w <j_Jj .cjj__1I oL^ Jl* (v^ ~ £*->) L-JjL 

IjjLjl l^Ltajjj ^ ^Ljj-L-tl *LJ_ ^M^j oi J— e t 122 1*^ 

Ot (j«^j (jj^ 4JU L^w9 Lt oi Jj-JI c^-»-tj «lJJ 1 J(l L_^tj <J I J-^» 

4_L_L 2LJ_> ^JL-s (j-w*VI (^ (jt 3 j£_ (j-A 1jjJe—-J «U-i. 4jLj (_1_>jj 

SLLJL Li tM ellj ^Ja jjjj Jl*j (Jj -j— >-Vl ^i L-AJ^! ^j^» cr-L* — ^ 

r Ju-(jf 4__L- ^JJuJLaj 3 j-ji-" oLcjj-Ji^ (jr* 

(^jjl ^ij-UJI ^ju jAjLw» j_4 LlUj-i oV _U j t __9jij <«J (^u-LJI 
f> __*. j_il (__>1 jt ^ (L»L_ ^MJt ^jJI Jj-i Wjj) jj_JI u> 

. Luijja ^ (_l_l if.t Juc LJlIajjj 

.(Jrtjj-jLj (>c jji-La ,_^«L_>Vlj 
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^LJIjjU 15 J± J_^-jj. ,._,j! jJj 

<-jj_a ^wjjJI 4ij__IJ__a| u i.l ^jUjw (j^ju^o <jjl jAj.^JuUjj- 

Cj — 4_U 4___« L_-_3) 4_j — __j j__J1 SjjiJI oLI J----—I <>» Lj-A jj^ 
.j-*-J1 <j„ Sj___ 4jj_JI £_j u t <_-Jj OjJI (_3 4^jLu <__ t (j_^j_C-jj_vj 

r UJI ^j JL_u^J1 J* oj* J<j— - JjS^yi ^ -dJj juu ^jjj 
^jJ J**jJ L,U_ L-jlI^ 1809 j-L-JI JaLjj ,4_u,jlc$JI a_____1jjJ 1804 

er^ J-*^J ' 1 — ^0-3 4__tl_l_*_>i ^Lst^t ^ < 3 > 1__J1 —Lcjj _^^4j>j_>J1 

• ^j-JI 4i*__ ^-JLa 3jM-i i— Lj»l__JL 4~Ui->l jJJ— > (_-_-! 4___m_ C-iSjJ1 

^P* 'c^^^asw^ 1 *uj_i j_j_ji_- o^j^^oi^^L^j 

4-1 j-j-Tt 4___jJI j_uj U J_j : jjjj jj$_w<j__ Llui- _jju ^ jjuj U ^-JLc 
|J_ (_,__» 'jJjjIj jlL— jj4_w <j_ 11l_- c-_ijju <jSj ^ U__jf jJuj U (__!_, 

>— i-— a 4jL ^-Jl 4_Jt <j„ *j_J| <j_ <_^jJU 4j>Oj_ -J 4_t Li_ 

L^J> l£A> (T^J*-t ^-Lli JdJ^- J_iJj_ ^Ul 4_- j__J| C-__u.J iUU3 
<_-_> L-l«j_- L___>>« Jwu (j-" 4j! <j„ <_ jJI ^Jc jl .4 ,„lj,,J1 ^jjJo <j_ 

4-T ^ lSj-^ ^U^jj 4J <jf <j_ U 3jLj| (jjj <>* ^j-jLL-JI («SL-JI Jk 
(jjjj— jLi £jjj (jli) t UIJ ^ 4_l__j *L_>J1 ^jui (__. (jj-tLL Wjj* juu 

jLc Uj-lc <j_j .4_j_tl ^Ia 4_| _JL_iT Uj 4<u*\ t ^ 
Ji — -ujj_- <*Uf <j__ (1815 fUJ1 |_jj 4jU 3j_L 3jj_*.j 3j__ Juu (jjjJbb 

4_^L_*__~| <j_, 1j_uju ljU_-l 4$jjj(jf j! 4j-_s_La Jjjt! <jl U| (jJj-ot JLaJ 
C_*o* (^JjUjjj <_3 4jjJj (__JJ Cj1UL,JI 4j j_Jj t (4__jL__o CjLI_c_oJI) 
jJjJa-J j2i\SLl\ C-_»jJI 4_I jJaljj _____ _IL_j .4-jj (__ 4jj_l>J| 4 a_Vl 

4W ^J| 3jij*JI Jj__jj_ ^U___| j t (jj_^L_j L5Uj 4_*.LL_)?1 J_ djl_it 

.4j1j_ jj-9_jo (jjUJI (jja C__" U_C 4_uL*i 4jjj_<i l_Lj__J1 J-stll 1 - 
Cr— fr J~— Cr^jJ.' ^JJ-— OJI 4 — _|jj ^ ,„j j_ -^j L_j| _U_I j 
. 4 uit\ .u i (_-_ «J-_ » 4_La (U?i< («jl I ^j'^ I J_vl j L_L__ ^_L5___1 4_Jj * jj_kJI 
*j__| J_vi JJ4_ (_I| l^Jjj-— I JLA (jU ^-—-J Lu L_llc_ (j ,M1 6-* '->b 

Jji-oU l^UJ.^-^-U^t^jJj.^L-^ 

Jj 3 * u '"^ '^J-— J— — ^ ' I Jjt> — iJLstJ l__u£ jj_-*_J Jxu-> Uj (_, £> 
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^^Jl ^^Ujl^ '^iuAlo *Li*il tS-^l o-t^ 

j^Ulj J*J «« HjnU Jjli U^io ^L^j-^. ^LSJI 

^^UIac^Ll^j^u^ 

^^La.^I^UA jU^^j^up^l J^) Ij^ LiSU ^ 
'^^j^d^J^^ <^ 

• JjjLsJI Jla ^ J J^ ^ £^ 

o^j^u^^^^u^j^ 

i^j^» ^ <»M * 1817 r UJi ^^j^ 1 i^^i ai 

^ ^ij ,t ^ jjVi ^i o^jL--^ ^aiai ojj-^b 

JjL^LSj }U=^ il^p-Lus 

Uj, bjj^ ^ ^Uj . 6- iSjLwtj . W—* ^La» 
c^io^u^^j^M^^^-b U^j-**^» lSS^^^ti^j 
±y&\ U j^jli uiu <^jii ^j^i JUJi jw ^ * 
,(1840 - 1781) j-1 jj ^ - o>*^ oU^LyJI a_^UJJ 
oU^LjJI ^JUj .(1862 - 1774) j^ e^bL, u^ oU^I <*JUj 

^ Lu ^UdJI cr^- (^J^J^ IjjKj 4U -MjV oj^u- j^> c^lj 

, hMtW *JjL~* i> ^J&HJ -cr*^! ^J*^ 

«u? t j_u£J1 oLu^LjjJI ^JU . j^Ijj oJij <Ji--^ £>J^ vjAj 
^jll J' ^j*U LSij 42L»L_cu^ ^Ij .^t» 

^UA ^jiuJ (o-Uoj Sj* c» ^ ^ 

gjo sljSj^ ojj^ ^i <f>iV- r*^ 1 <> ti1 ' 1 °^ 

UISJLI JA l0A jL ^UJI u^l Cr^J ^ ^ ^**^^ 

JU^^Lj^ IAA4J Uj.SUUl j!L^1 J^l^uj^^cr^ti^ 1 

^ijl*ji giji ij^Li cyU\ l^^l^» ^ ^ l ^ 

0 I jlu , 3n >* 2Liki» ojju^ jUl_^j Ua *j^ ct^U_^ ^L^l u ! Sj^ 
: JLi '4 4^ j^Ijj Ua J^J • W u-^ V ^*^^ °^ obL^JI 
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La t n 'i 1 1 n flt A A ^ ^j^j A ^ l^* Ljt^ja lf. j '*** * * * " *t 

j-»j-« Lo-Lu 4^ I_> (j__tj__JI (_-Jali (j! ^«jiU . i—aLa — __ 4jj__. 

4 <T«U Jj->J V (jf jLauL «Ut»1*ij . LlLI — __ Jleu 4_lj J1_J1 

_______ (_$j_*j_U ~L*J1 -L_>J1 jljCLal ^-lc (jl_C — « ___* 

<(3 ^____L_a (j__j__JI ( rtl^- I JLC UjJ_) _____ — __J1 julC. __)__• j2l\ 
<_____- j-fljua (j^a *|j_u1 jljJoL 3j — __J1 4__-l__>J1 _»_» Julj-Uj 
c__J_w ^jjh 43 1 iii4 Jju (_____ (jSJj »Sj, .ililii* Jjj_ijJI (j-» jJaJI 
(___* 80 3, t miII 4_>j_i UjSu (jojJaJl jieaS j_gjl. ..nJ (j__j_-JI 

.(j-ojJaJI j>>j j-J-c- Jl >■ Sj_slj_JJ 3j — __J1 4_>.j_. /y» 4jU1 

4jUI ^ 100 v jL__J j_£l ntnn -_Uj JL*j 3j____JI JuljjJJ 
.^1jj_*.jja (j__j__JI (j£u jJ 4_J__ (jjSu (jt (jSwOJ Lus 
5l irirtll jJaj ^ lV___L 1 Ju 4__>Jj i Jj — uujJd ^jjAJ 4j Lmj L« j__- I j — & 
La Jj____>L (jjjaJJiLaj ««LaJSJJ £c-Cfc___J1 <_----lL j-1_0___ ^jl tij_p.j .(j__4___*Jt1 
_>---*-» ^lj^i <_-— J**J1 4_1_*AJ1 (j^JJJJ («-4> Ijjj — j_ i^jjjjjJI _ui__J1 ^J* 

(1853 - 1786) j£lj! Ij____-j|j__ *Lju_U1 ^JU J-*^j t 4 — ___j_LaJJ JjSj 

4_J_>L_J1 4jl_lJ1 __>£_>- j .jjJlJI Uaus- j! -_-____> (jj- CtmlT 4jjj>u <t1 jj>| (__J_i 
^l jLSuuil -_« J____jjj_ t_u_ ct-j». V-i jinTL I41K a ^3 j — ujIjj LgJ Luj ___J1 
(j-_l_*ja (__Jj IjjjJoj ji_1j! t_u_> 1819 jjjjLa <__£$ . J___iJj__ -;jjj*_J j < >*1jj 

:4_i_* JLs^jLJI 4_ujjjI_;i 

(_-jJ1 _>* gJ*- L "-- u l ^J-^ljJ jAi i^c-C-jj-oj-ijO J_>-t (j| 

(j? ^-Jkj 3-U-wjJI 4-?-jjJJ1 <?j_)j__j (Jj — uijj--) _-_JjJ.I l$? n*-' 
(jtSj l^ji^iA ...(jjSu j I J_) *_' 4, < i"it a 4jj_1Ij 4___L__ Jl_> 
Jj>L>. (jjo jLu_wjLJ 4_a_j_Jj| Ut.(-arwl .3jj_».jja j-lL 4__jL___1 
.c-jL-_->Jt (3-L-_> LoLu 4J__>-lvU,l oj-Ttj 3j-_jjI_u3 4jj->u 

^JLJI __o_J l___LuiI (jjjjj 4_A>. (jjjJI 4j1 j (__ja_jJ1 g-$U1 (jt Li_> JsutJj 
_____ Jiu-J «.j_J-JI (jlj <LL__-.l jjj-o (jl C*jj1 i_j — liLil 4jj_5b_J1 jLj_-1 jAj 
»ji>>1J (jj^jJll ^jj^JJL ^L_ujVI 4_____JJI cJJj j_La LaljJ -c_i___»!j . 4\>-j_a 4 — juA 
.<L_*_j jJ___Jll _v> ^-it-JI ^Lu-t-lj .^^jjJjIj jj__l (*) 
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4jT (ja p_jJI ^J <Ji-J> *j*- — -4jjJ_J1 _J1 ^J-II ^jl_4 <> 
4_p.jJt1 4jjJ_JI jJj— - ^ilj! 3««« VU_I j*-l 4jI_ ii__-jJ1 ___ <J_ 
-^u»? fi .1823 r L_JI 1* Ij__ 2L_^4>i]1 aa^^l 41^_1j -*j--- 

UIjlu, <> 1827 r ui J_— .j .1825 r Uii a^ui w?aj >U*j 

fjj JuJt f I Ju pbt 4___*J j_ 4j_j Jj£j .f l_ 4_Uj <jJj-U 3_J Jju ->JJ^>J 
$J_^j__J4^j1I4jjJ_J1 jJ_i_(jt L_1jJ j_j .4-__J pUll j^jJjJ 14 
jjjSljj-jAJI <j h.tcj <^_J 4_>Uj * Jlo* j~j (ji^. L j" M JU__ Jj_i 

ijjL» jjj j*j ^ t_* _t ^ -0- ^j-" 1 

jL-uJjJi jt J-jJL JJJ-J-J .*j--l ^lji*l^V cr^l <3^*la^J1 (> f 
j_jj,1 BJlsLuj 4o_>. jjI jj J< i« Ja 4_jil_~ a*L_ _1j 4__J_ _i_rr" , J 

4jI jl$J 3jU L^l ji___1 UjjjJ— <j__ >L_I _* j«j <j_j <£L_vj (j_~ 
4_ j_ _-*-_j) _>*Vl <j_ >L_ 4Al"Va 3*__l l«J — J£ c_t_j (< >_JI 
t( a*JI ^_ sbt ^t ^u_J Jj*jj 43lj *>_JI Ijuj .(Fresnel lens J_-_*l>- 
. Spectroscopy _a_11 <_*— Jtl jlJjJI cr*— 11 — —Jt J— — ? — — j 

\ | ,u« ,5 4_J_j 4x4_-M <ya 4j_ fu-L_ 3bt —JoJI fl_ JJ Ujj 
LjIj I JJ-H.,j« (jll ^ 4j! _5j_ <j! LL__6JJ J-J <j-u_" £_ 4J ,j> 4jt <j_ 

4jJ L_j_ 1 j_ 4^_jj . j___ j-.-bJI tu_l jlU- «W- t jjj ?Jj 

<j_j . 3jlj_JI <_XJ jj_ LLJI jt ^jju lV 0-^ H 1800 r 1 - 1 J-H* 

jJ_uj <jt 4j_ (j- <Lulj* Cjr- Lr— ~' f jL - J1 0--" ^-^ 1 

4JUJI 0 j_ c- J-^J 'f j^-* JJ~' Lo-jJj--I — I— — - -_1 

4l_J j £jUJ I » j_J1 j— -2 j:>! 4^j__ jt jj___X1 a_ Li_ 
j_t__J 4,ol jl___1 (jS_w ^j__-jjSV» lt— 'ty 2 ^-^4- o'j-tf 

. Jj___L (_J_J1 ^_— 4J 


ji^jj-jaj--- 

_>ji_w _u_J1 ^ iJjj (j! (j-J SUj t _jj_J1 ^J^j *j_-1 u-jJj (>>->• 
J_>J (j* Jjtj .,»_« ji.^1 U-**JJ «*h^_ SjjU_ij SjU 

- 1766) 6>~--^jj f ^J ^j^j-yt *WU1j ^L^Jt <__ j- _-Jj 


118 


.*_-ite*-- 


^^Ic^j^jo^-^^o-^— ^'a^ b--- 3 Uj^jj— * -i«( 1828 

JJO-J.J .4^1*11 Ja jU^t l (j_uu 4j_ ^Ijj , 1802 ^ UJI _Ujj <«> jj_<~ , i «n 

t 3__. jj^t <__ L_ cjLi 3L3>XI ^ UL, o^Oj^— Vjj j-""^ 
Jjljt <6j£ <%__ }____ ^jjj^UIj ^jj^jjJI ^j____- < ?i ,V<1 ^ jJI jaj 

UU___-i <U_ Ijuk ^ 4__0j t(J jU|jJ iLjjJI 4__jjJ__i1 |j^j ^ 

4_a_-a J_j___~ jj^jJ 4_.L___1 _j_u 4j| jiTjj <jf (jjj>.j .^IaU 1j .-^j 
6^ c^l ~-L____T_1 |j__ ^j , u „« At| ^ f> __j| , :, .U ^ 

(1826 - 1781) j_ij^jj_i _,j_ ciujj* ^_uVl 2l^Ll__ji ,Ljj_j| <_!__ 
J_-_u) >j^j> il814 j-LJI }________, 4 „,rtt u-l VrtVb j*_aj 

(j! <__ t-uu-JI j_> I j__j j*. __k, 3 j_bU_J1 __5_ij 4_»L___T| ( p ■■■ >^ 

*J%-jj>- JajJ-i^ _,_"! U-u___ ^ .«« . JJ I <__J_J1 <__- 3j__L_s_J1 J_jJa_»Jl 
4_*_Sj 1821 fUJ1<____ U__jfj____lj^jj__j__j1j.^ 

-VfcpJI 3jj__A 3U-J.1 4j_3_J| ^j __a_> 3jj__> <__ *j___J1 jL___V ^j_v| 

i U*_-1 jj ,A j U£ < l^U_. <__ J*__tL jui*j ^lj) Diffraction grating 

j_lj^jj_i (jV C_1jL>_yi ^jlA J_"C-__^j.( fr j___i4_^jJL1 4«nUt1 ^ 

4_j____ji oij_Su ^jj^ 4_?j_____» ^uji __Lj___ji j_« <___, _u»j _»_r 

JL?* — u-> <- '- j- - - <Munich Philosophical Instrument Company 
LapLtl cjIjjAJIIj oL_j_JI 4__L__> <__ ^ j_V..-J[l ^UjJI 3j>j_* _j _ ■■■--" 

.j___ji _u_ <__ 4__auii Lo.jJj_cji _juu (__j .sua_Ji jl__-__Su 

_>___- 1 £___)<___ Lc-a-tT <" f » n t ^y-JI 4jjU~ J____j 4_j _J| Sjjj _______ j 

* Ljj-ij <jj-9 Jljio oLj_uajJ1 oUjJaJu» 4-.I m^> ___ 3jL_1j LjLU -ij___ _,_J 

|*>>-JI --LJbij <-it__f* J,tJb*__ ♦ 2L__lj_ 
_j_^j 4_L___t (--^LaJI JaL_J1 JU_4 (__ 4jUI ,V^I Jjt t>- 

JjJo U^i» J_J(jT I — se__»lj Iju UoUj l_j i( j^j__l l_ _>j^___>? _ ^ U-l 

j_ij^Jj_)^J__L__.1j .L-^(j_; jjU_JI ^j__JI __^^4j L_3_-4__».j^ 
J_>J <j-jJjj__J1 _>_. -^iL 4j! (j^l -^J-Jj) ^L___J1 j_u_>_| jijj.JI ____- 

#j__J j_u___> (j.ii.s.*! *j__JI olj oUjJ_JI ^jjL__« _jjj _>_. JjJ ,„t1 
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^jti SbH^JI j^JI jUi.V r ai5— llj <^jX1 Jj^l 

, ^Ut l ^ ,bjw-J1 jUjJ^JJl J**Jj .lifc*ll ^UjJI 


^ tj y .oP-^jj tf b ^ ^ ^ ^ ^ ^^ 6 ^ 1 
nicjli ^jj .^-coAiJlj j-*^Vt ciukll 576 U 

^ LiuL ^"^U* U^jL^ L^IJ^j-W^ ****** JM^W 

t^b J^j-i^t tj-^ ^ ! ^ ^ '^^ 1 

3j^U* ^J 4 ,„ni *j^U 4-l~U *juk 0 f CJAHJ'^-^ 1 

. l^u *j^1 iLSi jj Aitt ^U^ «> f jiiL^-ll ^UjJI *»3u 

4^1 t jU jkiJt jj^li uU ^l— ^! 4J (j-o^ fJ >J^J> I ijj 

.^1 <> <^Ut JaUUI r l jLia-l JUSJ1 =Ujj J^»j ^ jJI 
otjjkU! j£ l^SJJ Sj^kJ* Ij5^ odLhH^ <jt ^ c>J 
-1811) o^j, cj,jj o-J*^<> ^ ^ ^ a^jJI 
^U^ U- ^ o^l - 1724) ^j^^j^j (1899 
jU2 4ijU« j^Vl c& ^J £"^1 *^U^J ^'J " ' ^ J^ 

^t ^L^J^j^U^^I jlLl^jJl 43liu^J?Oj->jjjA llAjt 

^jJtj t 4^L <^JI C U^JL1 ^j *t iL U*11 ^l^ ^ ^J>~ 3l->t j*£tj 
0^-2 jl^ 4it Ji^jJ M J^ j^Wi <> a-u5j Sbt 

5. :; U ^ c-£jlj Iju** LjJ c-^ ^L^A L-d J* U 

^ii jijii ot ^ \'4 J^^ (jJj) Ui^J tiJ^» 
^ "a^jJl .j^j .(jA**t LjJ ^iJt i^Ull ^UI ^j^il 

jL^V ^t-> : - ^ <lJuLJ1 JJbJ ja U^uaa^ljlj^ui 

j^^jLi^ii^jj.^^t i^ijuj^Lc j^^j^j^jji iy u* 

^l 0 jL U Ij-u^ ol Jj^' 6- *J Jl 1^^ 1 

^SL*. il tL» UjJ^ l!Juj .j^t ujJ^^Ja^^ otj^loj-^ 

^ A^LLu J^jU^J Ij^ a Ik^ 4Jgi^ JU J^i^ J^ 6^ 

Jii^ ^ .jjLj ^LIjli JVA« ^ ^-L-VI JLJJI ut <j- fijJ» c> (*) 
r*\ ^ <A *"*J' «j^ ^ 
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Lj_>.j U-jL- laSLaj .^jjJj-uaJL <jAjj___U j__jj_l-oVl jrdoiJI Jla t4tnUtl 
Oi cr**" ~~ -^i^^ _JJ--UI jju=tlxl\ l_3jju < htU (___ (j^__u>J1 <jjj_A 
"ui-Jtl CiljjJI jl l_-j_* tj — __c £____, LJ1 (jjJiJl <__$ JUJ1 C_-i-_' LJla *L_*j_-i ,J 
4_ijj___,1 Sj__4_J| jiai- Jla 4^1« jj^a __v<jj J£ jl . jrdai-JI jjJLA j-Luaj Li4> 

L_s 4j__>L__ JajJ__v U_c jjjjj j^iejjuJI JLiC SjAII j| l^jjlSj . -J _J| (_ic 

JojJ___, L^JLo jJjjj *SjjL jSJj S_j_*.jji l^innt SjLU (jj_o Ujlu-j «Uj__a j__-j 
J1ji_. , l C ^- Cr _-L.-M 4jrtUtt »jj-a <j-al«- -0.1 (-J) IjJeu ^ JnUtl ^-9 4a<a* 
3J — lJLu *l j_J JUUJ . jrtit — uioJI JLLc Ujj-3 ^ in" L$J__' I JljJlso L^jIj 4j-wjJ,I 

<J-J — j-Ut t4____*ja j_uaLic <_ic J-wdl <--) L__$it1 oljLji-l jjs 4 j_jL-2« 

j-a j-uaic JSL) 4_j_-UI Sj__j-Jtlj 4_-_>L>Jt l__jJ_JI JoU-t (_-ic J-4J L-i AuKa 

___> 3j_Lall fjJJjJ--J1 JojJ__- 1859 j-LJ1 L__j-juj-j£ JJL>J . 4_)jjjlLI j_u_Li*J1 

l*_tiil _s>>JI __sM_JI j*jjjjj_-JI jj_wj ^.ic M_Jj jjjju Lxm t^jng «IJI <.jj_> 

(<_ — uwmSJI > rtjtnt l <___} ^J_>4 __»jJo-- JjJ->_) <j-Uf U j-Cj i-uj . Lit JjLfcil 

Sjl-i j!-TVl JLU1 J*Jj j-_-L__ <>_ I uninb ? j-j-UI l_.LU <__> ^ 

4-uuL JzLz&! _di_JI ^UL-t ^jjl-^j La 4jf ^jM I Jji*_JI SjS ^ic 2JVj_J 
JSUj jjiLa Jijj->. JM — >. 4_l j-^jJL jj jl>.j . ^j -ar. Ul L^Juo (jj_-u jJI jIj-JLI 

' <ii»"< t 1 1868 j-LJI (jjj-j — __J| l-_j i,u> ^LjI (__) l_U JJ i4jjLajJ1 o JL-> (J-ijSLjus 

_di_JI ^JLcj (1907 - 1824) (ji__--j->. j^ < _____-__jj__Jt l_U_J1 ^JLc (> J£ 
JUj 4j u „ ,0,1,11 < ?nU1 jt (1920 - 1836) jL_j_jJ jUjjj : i r w< 

jLSj) ^jJj-jjIj i(j-3jVl j-ic l_3jjjuj j-uaic «4_i_uaJ» (jjLLajj _* j_>j__-v 
^ ' » '1 4j-_. (jii-lj tLi! jjjl — uJI (__) L_3jj-u<i j-ui. Ij-u-uC Sjjjju_JL (j-aiej L^jf 
-UJ_>_i (j-wLu pJj .(J-1-J--JI (j_l*JJ *4j_lij__yi (j-joL- «LaKj-» (jj^ <_J,1 «^joi-b» 

4j! -JtjGiij (jJ_JI .!___ c-Ltj £* 3 . 1895 r LJI ^jM\ (_ic ^jji^JI j______ 

j1j_L»Li 4j — .-jJoL U Ij ^Lj-jSJI Jj-aiu ULu s:j_-_Jt 4_ujj_> jJJ J_- j-Ut 

t^jJI J**JI ja 1 j-Aj .__ijj ^j-UjjJ (JjL-JI jlcLJLI ^I.IjL- JjAw JUcV 

jL>_)j (j-vctj ^-«1 jjj___-_i1 i J4-J-1 JL*_« (-_i JjJ — lu_U L_JjjA-i (J-v«_L>. 4-4j| 

. (jjjjj |-LT j-Lc (__Ljj_i_) 

LS- 1 -^J^' jLLll (j-* Ol cA* 1 ~ LjjV 1^0-^ (jjii ji^jjj^ iis^ki (jj .(j^jj^ltni^a « JjL» (#) 
. ^JJJ-II JJbUM JJbJ 4jl j (j n^Mit l Jtl__fl ijjiejj, ijwjjj r.liut - Lo-Luu j -| -Mt (Jj_>Jl t_3>L*JI 
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^jti SbH^JI j^JI jUi.V r ai5— llj <^jX1 Jj^l 

, ^Ut l ^ ,bjw-J1 jUjJ^JJl J**Jj .lifc*ll ^UjJI 
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nicjli ^jj .^-coAiJlj j-*^Vt ciukll 576 U 
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^U^ U- ^ o^l - 1724) ^j^^j^j (1899 
jU2 4ijU« j^Vl c& ^J £"^1 *^U^J ^'J " ' ^ J^ 

^t ^L^J^j^U^^I jlLl^jJl 43liu^J?Oj->jjjA llAjt 

^jJtj t 4^L <^JI C U^JL1 ^j *t iL U*11 ^l^ ^ ^J>~ 3l->t j*£tj 
0^-2 jl^ 4it Ji^jJ M J^ j^Wi <> a-u5j Sbt 

5. :; U ^ c-£jlj Iju** LjJ c-^ ^L^A L-d J* U 

^ii jijii ot ^ \'4 J^^ (jJj) Ui^J tiJ^» 
^ "a^jJl .j^j .(jA**t LjJ ^iJt i^Ull ^UI ^j^il 

jL^V ^t-> : - ^ <lJuLJ1 JJbJ ja U^uaa^ljlj^ui 

j^^jLi^ii^jj.^^t i^ijuj^Lc j^^j^j^jji iy u* 

^l 0 jL U Ij-u^ ol Jj^' 6- *J Jl 1^^ 1 

^SL*. il tL» UjJ^ l!Juj .j^t ujJ^^Ja^^ otj^loj-^ 

^ A^LLu J^jU^J Ij^ a Ik^ 4Jgi^ JU J^i^ J^ 6^ 

Jii^ ^ .jjLj ^LIjli JVA« ^ ^-L-VI JLJJI ut <j- fijJ» c> (*) 
r*\ ^ <A *"*J' «j^ ^ 
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Lj_>.j U-jL- laSLaj .^jjJj-uaJL <jAjj___U j__jj_l-oVl jrdoiJI Jla t4tnUtl 
Oi cr**" ~~ -^i^^ _JJ--UI jju=tlxl\ l_3jju < htU (___ (j^__u>J1 <jjj_A 
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3J — lJLu *l j_J JUUJ . jrtit — uioJI JLLc Ujj-3 ^ in" L$J__' I JljJlso L^jIj 4j-wjJ,I 

<J-J — j-Ut t4____*ja j_uaLic <_ic J-wdl <--) L__$it1 oljLji-l jjs 4 j_jL-2« 

j-a j-uaic JSL) 4_j_-UI Sj__j-Jtlj 4_-_>L>Jt l__jJ_JI JoU-t (_-ic J-4J L-i AuKa 

___> 3j_Lall fjJJjJ--J1 JojJ__- 1859 j-LJ1 L__j-juj-j£ JJL>J . 4_)jjjlLI j_u_Li*J1 

l*_tiil _s>>JI __sM_JI j*jjjjj_-JI jj_wj ^.ic M_Jj jjjju Lxm t^jng «IJI <.jj_> 

(<_ — uwmSJI > rtjtnt l <___} ^J_>4 __»jJo-- JjJ->_) <j-Uf U j-Cj i-uj . Lit JjLfcil 

Sjl-i j!-TVl JLU1 J*Jj j-_-L__ <>_ I uninb ? j-j-UI l_.LU <__> ^ 

4-uuL JzLz&! _di_JI ^UL-t ^jjl-^j La 4jf ^jM I Jji*_JI SjS ^ic 2JVj_J 
JSUj jjiLa Jijj->. JM — >. 4_l j-^jJL jj jl>.j . ^j -ar. Ul L^Juo (jj_-u jJI jIj-JLI 

' <ii»"< t 1 1868 j-LJI (jjj-j — __J| l-_j i,u> ^LjI (__) l_U JJ i4jjLajJ1 o JL-> (J-ijSLjus 

_di_JI ^JLcj (1907 - 1824) (ji__--j->. j^ < _____-__jj__Jt l_U_J1 ^JLc (> J£ 
JUj 4j u „ ,0,1,11 < ?nU1 jt (1920 - 1836) jL_j_jJ jUjjj : i r w< 

jLSj) ^jJj-jjIj i(j-3jVl j-ic l_3jjjuj j-uaic «4_i_uaJ» (jjLLajj _* j_>j__-v 
^ ' » '1 4j-_. (jii-lj tLi! jjjl — uJI (__) L_3jj-u<i j-ui. Ij-u-uC Sjjjju_JL (j-aiej L^jf 
-UJ_>_i (j-wLu pJj .(J-1-J--JI (j_l*JJ *4j_lij__yi (j-joL- «LaKj-» (jj^ <_J,1 «^joi-b» 

4j! -JtjGiij (jJ_JI .!___ c-Ltj £* 3 . 1895 r LJI ^jM\ (_ic ^jji^JI j______ 

j1j_L»Li 4j — .-jJoL U Ij ^Lj-jSJI Jj-aiu ULu s:j_-_Jt 4_ujj_> jJJ J_- j-Ut 

t^jJI J**JI ja 1 j-Aj .__ijj ^j-UjjJ (JjL-JI jlcLJLI ^I.IjL- JjAw JUcV 

jL>_)j (j-vctj ^-«1 jjj___-_i1 i J4-J-1 JL*_« (-_i JjJ — lu_U L_JjjA-i (J-v«_L>. 4-4j| 

. (jjjjj |-LT j-Lc (__Ljj_i_) 

LS- 1 -^J^' jLLll (j-* Ol cA* 1 ~ LjjV 1^0-^ (jjii ji^jjj^ iis^ki (jj .(j^jj^ltni^a « JjL» (#) 
. ^JJJ-II JJbUM JJbJ 4jl j (j n^Mit l Jtl__fl ijjiejj, ijwjjj r.liut - Lo-Luu j -| -Mt (Jj_>Jl t_3>L*JI 
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4iJ ci^ <>* <*U1 > t c&i o& ^ 

jt) ^ ,Ut & ^ >T f 1 cf * l> V»* 3* l-U— 1 ^ 

U>t ^ JU*Sf I J^t Sj!>U 1iA <> >T J-*f 

.v. yfc *UU SjJ>U 2LlU| ^j-u- J^> V <>j .IWJ^ ^ ^ 

^l ^ oL^-^ <> <**J Ih-^ ^ ! ^ '(^ VUU 
43I3M *j^ > .^W-A ui Jj* t)t t^-^J • > 
^U 4, iWI ^j>U1 <jSJj iU^t ^LJ^ ^ ^ « 

| j^j i0 iH^b 2L^^J1 >^ Cr^ 1 <^ J^ > *^ ^ 

Ujffc UiUt ^pJ 1j *ctj jJI *JU*1 <^ J>^ ^ ^ 

■ a.....:« ^ aLliJI 4-ojJ^ ^M^U^ j-^J^ ^ 1 -^ 1 J^ 1 > 

. Jjj^ Sj\5U ^ Juu UoS 4_u^u J^ ^jJI J**J1j 
J& JjVj jv cdliiT u « nn LluK 42Ui* ^ ^ 

aat>:. J\ CJ Mj . L1 Jl^ J*~ * J^-AH» *0*^ 0^3 • \pl*ul J 1 *-^ 

^ i^ljJlj <1788 r UI jlJIj^ djjjD) ^Jj mj^ 
^LsJtl >lJj . 1791 r ui J> J^ ^ ^J ( 1787 r ul ^ 

asl:t 2uub 2L> l*JI j-£j l^K ^l -Jj^L* 1 ur* 5 >J Sj_«Vb 
j.y^ 22 <> l£JUa J^A- Jjjj • J^ J J^J <lS JJ-" 

1jX^ cj^ uli u ^ * 1791 r wl 

^M.tl JU^J .j.-MI.VlU jl JLL4 ^ljl» L^U ^la— ^ ij^ CT}^> 

^ |j>U jLp.Vl cJ£! Uj 41*^ J>^l cP^ ^ ' ^ 1 jt ^ 

t j^ji ^jU^t & <j^j J^» ^ ^j <( 1810 r 1 ^ 1 J^ 1 

oLjiai jjL*i}UJ£ jt ^uLoJI J^^j3c^3^ VUoj^UV 
^jj* ol JjSJI oSL^jj) ^U-JL, ^>"J ^ V— uVl 

122 


U_j___j 45L^Uw 3 j — c-jLS^jiJj .(p*jUj <___3 VU J -__.'1 ^LUI (jc 
^Lut ^jbjLjcL t^jijjJ! SjuiUJI j-u^ Jl>- ^-Jl p^/g 1 j_* ^—cjjj 4u_>J.I 

(j-aLJl (jjJUl CjLlujMj __i) >L_s>! CjL__ 4_uLL» _-->J ij_L^JuL____JI 4-uU_> 

.4jjjU3j£^yi Presbyterians a^^y | a^lL&JI (jc j 
JjLi* L-_> jj j_ulj IjJUselj j! (_-JL_ ^^LkJL j»jL>JI ^UjJ f_-jicl — » 
j_vL_jJ1 c__*j £___>IjjJI (jc 4__L_JI ^JLu <___ 3j}L_ t t j_-j_ , l <___- SL—pJI 
. Jjj--3 jf J-l-J <jj_ lij—pJI J_uJL flj-J VI (jc !>__-_ 'u^1j«" , ( >V( jt 
._;l_1jL_ SLp. (_lc 41ijmj I j_» J-" (jrttMj 
<jjj\<ji SjbJ <jr- £j — u» * j-wJI j-« Sj ___ 4uJL_JI Jj mii< £L Ujucj 

c_ _ L al jL_>.I J — m\ jwoj ic -u SUI -ui-*u J^uuj t-uS" ^jL jjbj t jjjj £jj_>. 
^jjl c^lJI (jc jjlLj i jSLu £jLi JjL_L- jjj^ju>L £ji — d> (__ }_*_* 

fJ*lJ jjuj ,_£JlI L__^Lu_» I JU-Jj j*Lc Juu J-M-j .(jjbljl 3 4j_Lc - - 

t__j_u V <j-*jj .(J->J.1 <--_! (jSluiaJ J_-jl U jLcj____j .(.|-|<.t1 JljJL>o 4_U 
JLu t4_J_J| £JjVl olji__JI _JJU <_-_, (jjlj1jL_ SLp- (jc j^i-mII jj-J1 jjlL 
<j-=- ULIcul Lujd ^ m^>j U (_JL_4> <j_«j Lu. jjwu Jo cuL <jt ^jln"i _J LjI 

4_-UU« ( jH---j 4ji jiTj) jjjj Jjm ^ S jU__J1 j-« j_>- Ltol — __, 3j_-_»l ^LLo 

j-tJtM-JI <j-« 4j>_3 Sl — x>> £_1j <jj» 4_i__ JjU — uu U jj_»j t(J-*_- ^ 
LuJLs -c_j_L_of ^J-JLs-T _)f _J — Ij t L_4 4jjJ ^jJUju 1 j j|t£ (jJ jJI (j^_Jj£,LL__J1 

LhP-t? 'uAi — «*j-JJ cjLc1_3 ___» Ljuujj^ >L1»j4 J-w_ ^-jl-JI U_Uj t La j_bt>» 

jjlaj -jj t4j 4_-LlLI L----JI (j-ljiil Sj j_3 ^yic ^ ___ J^l (jjjJI (^|j|jl___ 

(_;jJI JLaJll ^-Aj t*Lj^__lL Ljll- Ijuj .^Ui-JI j^ — _>f(j>» I__x1j -tj__>_J 

4JI_ 4 (___> jL_l U Jjf jL-j t^^kU 4j|jL>u} ( q____f JUu U_l2 4_4_i JS.- 

4Cj-_,j_vlJ 4-JL-ll 4jlJ_JI (j_« 4^__o- (_-_ ^j-JojII (jjt JL_U S*l j_5 *Lj_$£JL 

. juU-IJ ^ULJI j__f Uj____-f 4^LJ_ujJ1 
^bl jLs £^_>! t (#) v Vl 4Ja ^jj ,j jJI r L_J1 j_4>j 1 1810 ^UJI ^j 

U-*_-1 (j-4 |*CjJ| (__L_j) 4_ul*j>JI ^jjkj t4JuJL*JJ 4_L__ai_J1 4jjl-v>JL 1j___c 
Ij-Llcl t|*^____jf j_jj_-uJ(jrj_tlj_JI <_jL — _J1 (j-4 4x.j-*_j_>a (j-4 4__tj\o (^JtiJI 

6-« Ijls-I^ -_u_»f jjj^ L__jLl jj-J L«j J-ul j « 1838 j-l—jJI Jm*. ^IjIjLs -^i^ (*) 

.4Ll>. ^Uic ^trtf t 


123 


Sj-jUI 3jujl»J1 ___-L__£VI _j<_j i»*j ' J 't11 bLb^ 4___»LU U* tj-uJb, 
£jj_ajj9 (j_l Sj___L»_, **)J_ <--__ J£ *f J--J (jf 1j-^1j J-- cr^ 

£*o j£j*jL__-Jj(jl--_. Ujjla Ldlj_____V1 4_vj>o1 j^-dLj*--*) 4-^1^ 
.(bl j_» J_wuj 3j_uiVl 4JjJ__v« ^jj ^jJI Ojjjj *ji4 ^bljte __lj___<1 

J}_». (>a Ijuj i_JL__> 4j__JL-_! £A _J>U_1 >ajCjI — ___LLa ^bl jU _£j^J 

crj-ui^" J_- -ub J*_jj ^j.^y^H 43l jl^»j WjJI 4_jU~ jjlsu _dJj 
cru ^jjJIj oUjUJI j_^>j uh . .i-sl j oLUSJJ er*^1j 4_il 

4jjL>o _>_3Lj (jf -L__lj ^L-ij^JIj g U - j -Jl <__> lij-^t . J— * -> J1 
4_u_<_ -^^" --1 j£ju Jduy.i »<*i (jJLc 3jjL_ *(<4jjjJL1 4_u_>L_» 4_jUj 
__1_ _>_> j__ (-_JI j *oUUl>- _ 1 l f t. <V°i [1a lSj^ e^' o__j__>j_1 
^jjj-^b >U jAj « 1812 <*L_J1 Jj-JL*jj . Uj- 4_jL_-_JLI 

4*jj? 4jjJ Cj j--1 jj t 3jrliirJI 3 j__l_J1 3 j__J *L$-1 _U__j <__J_. £^-_*fj 

^jjI ^ jJI j-_ _ 1 * 1 _t<i> <_--_ o-sj^ e^JI _-1j-?__»l 0 j— * _V« Cll J___-_~ 

<j__ jju j! __tf_1 1 j-_Jj t4jju (__- <_jl — <_ __ j...1j''3 -*_>>_ ---* — <-f -I *JJ_J 4- 

J_> ^^U*Jt * _J__ J_4 <j_Tj *4_}U_J 4_-_-J__>i £_ljJ1 1 _-_ 1j_-j_» 

SjLlL-uI ' tL it-jLtcl Lu! cjIj^jJL y»^ \ ^jJI _h-1- ^ — -*H 

_j|j__*JLl ojU-j .^JjJL Ot^mJ.1 0-- 3 >*J t4^t<_-l- -4_-j->-J — l,t 1 T t 1 

3t. jj.- 1 _j___ __L_L__J _;b1jl__ _-_»_-! 4jf ___>- <-_j_M (j-ujb s-jU^I 

^jllJLl jl^jJLI ^ (^jj^ ^j-i*A UjrtL m . ^U o j ^ JI (j£. cjIj^L*^ ^jj! jj 

^ Ai n j^^^rtt CjI j L£>bc-4 31 ,„L, jJwT ^ juk (jl «-AjjJaJI Cj<J — u»j) 

(^bljUa ^UIaL oljuuoUJLl ojj* oJa^j . 1812 ^UJI -uj ^ (»iJUA 

(_jL^ L»*-^» J 4-uLu j-j-wyJ 4j j__U L^jl-Cj JU J — (j_> j_- ^-3 L^i*__j 
Ijl$J ^-jI ^j-JI O-j' J ' "^ ^ 1 --^ 1 U^J^-J (^ 1 —^ 

,4j-4 4»j_C _-__. _j_T (jU_J1 
4jf JLU *U_C -4__±__tJ Ldj__x- (JJ^tlj ci^b- 9 <~-1j_-oUJ.1 <--JJ— -^lj 
4j J-aIj 3j__» C~4_jI . 3 rtjrt"- c-JI ^->J1 Jj_*_-J Jjj — c- (jya 4_aUf (j_Cj ^o-J 
t___-JI JuJUu UU_o-l Jaju Ijjj i 1812 j— jj_^f 7 4 jr l Mr.1 1 
/ -«'^ J___ <_jj (j_? 4_l 4_C jL_-Vl Cjjj (_$_)J1 (ji»JjVj_ Ju — «_J1 l-jUo-kJ 
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<jt 4jjJ (j_J_«LJt <jj» Jljjj JjLc JU__f J>-j Jj^*-« jLi Luj 4J_£J j i*L__j^l 
_j-u<j tj_*_J1 1 j-A _Ll_j _$l _*1j_fl (jSu ^Jj .|OgUc j^j-ic ljj_-a_*J 
i4_jS_LU ^Loj_xj_>JI <JUJJJ f_$J-S _>*j) 4JL _____ jJciiej _jjj J_T ^l JjLuij L-uSu 
' rtj^ j^Jt-uiJ (4-li_- Jjj| ^JLuiA 4 mfl\ < rtKj _£ jJI i_^___L ' ^jjj^ J_ 

_>* (jSJj tfd*JI JL*_« 4ju__ <-_-Hl_jJI j__H __ic jjj Jj«-itU Jjj uJI 

j-Ju (jt 4_tt — <i (jx <_£ jJI d a j» JI Afll j £jjl — __f 2_t___u juu (jSJ j . S J->L_> _jj_t 
t4JUjta (jjS jLs_-_1 4je_uj _1__jJU (j-ajJL j t -- >J - : ~ jj .4__jl_p. 

4____vJ 4J Ijjjj____4 (jUjuJ *L_*j-CJL <LL_a 4__ j_w 4jjJ (J __i_____/ __Jj £_i_-lj 
Jj „ c J I _>* 4_£jj __ic -t*.jV() 4_Li_jJ1 __ic (j;bljl___s Jj___wj .j_L| 

(j-9 LLp- ^jilJ Lj_»j _L>j l__j£ (j__ CjLajJjca LujJ uuJj .(l_>V| _>_u1_i 

jAj iJyjJ La J_ jl_ 4-4 ___jj jj_|jJ1 (j-CJj i3jL-_JjL>J1 <LoL^4 ^jjjj -< Ur 

.4___ <_upLxVl 4jjj__» (jjJJI #j — __JL (j_tJ _>ijjVjj ju -Jl (jL juij L» 

<_-AO _-JJ Jj-ujt (jr---« c_J>T Juu 4_u^j» __Jj 3_jjJI (jjljljL- _ttj! Lq, 1 \c j 

j-JJjJI (-_3 U*J_3 — __ll <__1 j___>UJ.1 (j__ __ — __l j_*J1 j oU-c-^UI 4cj_<_»u» 
(4-Jj J-l_j1j IjUr ) 4Jt__u 4jL_jj L_J ,3^jfj .culj-C^-a L__jul>u juu -dJij 
.(__CUI jl$j_LI <__<- LjjG <__ul__jJI j__?f jjj 4J jJajj (jf 

i4_u_jJI J__>J| 4_j_lo Cj#.| >. t Jjjjw J>af 4_*-j_aJ SjjL 4_<u jfo p t 

^ J*jJLI Jbcl — uia *(jjL (*LJj jjl» LaljJ — j-__»f 1813 jjIj-lS _____! jj 
<__ljj Vl -_j___s (____. 4jIjlu_I l_*j__u -JJjj iculj — __ j-aJL* j_bj ^-S-Ul J-^a-U 

-_x» 4_LJ_jJI (_gbljLa < _^(^j ( j_-j-g,j.(L-Jlj-JI< t ,j jju V L_?(j)j) 

Ld ___» 4 -rj-r A j JUI <±u. -V (j-o 4-Lu_4_aj 4_u_i_3 4 rtj u<f ^JjJI» _/_J Jjjj_>U 

|*J .^*^ «L4L-JL9J («upLp- Ijjju (j— JjJI <J-uJj-? -_)L_il_L<sj JuLc _y» 4 «JlSj 

^yic Sj>L__ t <>jj__iVl ___> 4jJL>. JjL_U 4aJ ojJ| Jjilj . |ju_ JSu (jjljljLa Luu 

jukijj^» *JjUj_uJI £jL_i (___ (___-UI ju^j-II 4jLj _____ 1 _^j__ ___) L _; < v-,J1 

(___» 4ulc Ji n-rj j-i MuLfl J_»l L_uljJ1 jujjuj) ^jMJI -J-ijJlj ^J-J-uJI 

i 1 8 13 (J-jLj (j-, Jj_*l ___> 4__J_>jJI ^L^-4 _-JjJJ .(c-uSJI JLtL>iJ _y_J 4l*__ 
_,___ 5j>Lc) 4^L>jJI (j-jtjVl J-lu-C (jc Jjj___t1 (j^aft:.-_JI lu_»j-v -eujuslj 

^jU^i! (#) 
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_ j_j_« >• j_-1 4j1juJI j-U u l_* ^J-crAj- cp-»-- ^___. (<Jj_-f *L___J 

jljL i^^j^i ^j^l t^^y^^ ^- u - A c-— - u-*j— uV <(*--** 
.^1 j*_l.l ^ <-JI '*j^\ 

U juu 4_! _«aj 3_jo_~ 4j_a1 j <j- Jutl — ___£ <£\±\J& 3^ LJ (j-L-tSj 

J$ 4_».jjj J_> <U~ tnj <j\ t^bljL- <j_» (^-_J_ <-___• J*~ ^ 4 — 4< _~— 

(_y^ (jj . l t ( U J-Jl 

V— JJ 'Lr^ 1 *__*----« £-_j_ jj^J 'Ljjj! c^i 

^yjluj] ____ f J—J 4_I jA _ JL*_» L-t- K.J <-_J _ Jjjj-" (jr^l J " S J-i _— 5 

r L-y< l^Ljj tj^at SJLC __a_J .3 jJr 4^_ L ..'? . <"... .1 4__» _J_-_j 4_! 

jac 3_J r a/a t .*;.<-,.. . 1 5iju J*_JL 41*. jJI __K J— j -4^1-jJI jMiU 
- ....... U_» i L-_j! J___ j^ji 4_>.jj «Luil L$j-*>- <_-«- 3£ji — __« (jf 

^jj ^L-JI ^oUJI ot cdJi .^bljte J\ 4^__-L o>_-__U1 _>-_v (> 

^ >_j ^JjLLJi L__J jiS (-JJ 3j__UI 4_J__J ji-T J& o±-±J 

3j>__ u_iLo*ljJ1 -j_- JSLi fL_J1j _j*>. 4_-L__*j LJL__« ijbljt- 

U* U^ _»-> ^ cWj • ^W^JI ~----__U 

^juJ (j! jjLu^jSJj^jj^^t^-*^^ jJ jja-«j Jjj-^j-*:^ 

3jjJ__ SLpJl Jj_v Ua 4jJ_%j ^ jL>JIj 3jU___J1 <jru 4_>UJ1 _J_-1 

4_JI _Jj_o j! _L— >. JSL__jj LLp.t jS_ 4_! (^L- i^bljli c^-c 4___t1 

_jj_i_j Ij^|4__1j^^__j_4__Jj.>_sjJI (-1} I J-U J_5JJ 4^L_____VI 

. Jj___f JA U (-tj 4jL>. 4jjj*_J1 

^1813 j-^j-ri 13 <-_ 4__Ujji Ijuj J--s *x j-^l. j-^j^ 

J___j >_ Ijicjl^ 20 o* J*J <J\ J-L_u^L^ J c U1 >-- : ^^ , ' 1, ^ 

(j_> 4___J1 l____j 4___« CjjCLal 4__j Jju SjjjJI JL_;jv» (jL>. U^J 
.LJUajjj Ij-«j>-j l^j-^^ULJI jL^^^j^c-.!!! _-tib1j-s 
MJ SL_J_1I j_tl__ 4_t >_. >___-) J___j_XI j_tJ1 J->Li L_; _*Ll>. jl_L_j 
(jjL- ^»!j .(^>___JL1 v_jS' jL__f _aL_«___V joLJL- 4^j_____i1 ^jJI 

4^__oVlj4^_aJju_J1 ^(jt^J-JJ.^ J_.L___ Jj_^^J i(;r *l-JI (^J 

^JiJLtl J^.tt.1 _U jj! 1__- <j^ J— **j__j- 4_uj__J 4j____ij_JL __j__U1j 
^bljU (jf j^j- _,T ii>*J -Sjj_-!l JJ_. 4j1jJ_» Ij_> l5_J1 (j-.nV.tl 
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^J dJji— jjj ___J (-S-UI J**l\ J$ 4 ".Ajk j <>/> 4j ty, ,,, -M ^j jj_v-_.1 

(j-Uj 4___t_»jJ1 4_Jjj (j_s ■ U j j 4"i,i.tf Julj 4JL_j -u-M l_j#L».j *4___vj 

. 4_jlc (jL£ U_; J — -J V Jojj — i_uj iSjjjjJI Jl__ 4__J_jj 3_A__j (jl — *__> 

J<i*U <_-_ I JU_1 u_«j ( 3j\^>. _*l ____ l__ j — -Lu- 4_LJ_-j ___ (j___ 3_j_JI JJ-Cj 

^ji <»Vl __<_ Ld ii 30 _-J1 4_ulj SjLj t4-4JjLJt.ll CjLllJiU JLj__ ^j 

U_" t (____p <j! c^l ' J-^H? '(^Jll J^**XI (jr- (j- *- ^ J-S--T J^J^J 
____ i^jSLUI Jl^JlII ^jJI uU*J1 t>° ljL* — __i_M (_-_! fjJ 'UjljJ ,jj — l_ 
__~L _jU_cL - "j^ ^l jj (jljljLa 4jLCa -l-j—J _,_J 4_l_j_iJ1 <?jjb f jA 
CjLo^Lc (jc j «j ' * ' (jjj i4__J1 j 4jjL__IL i rt ,n"j- L_ulj4j^ 

^jjtjp^l ^Lc j^? 1821 r U) j_-ujj 12^j.aj^ljj-Jt_u 

tfj_- g-L-l <jt jJ__JJj) jLiajLtl <_J1 4_uL_S (jJJ L__j! (____J . ->jLj_l Sjl Ui 

oljJ-.-, _>._*_- jbujj- 2L__Lt_JI jrjU £ l jjJI oj^uu V 2______l 

U-a jLwjjJI ,j_<Lcj tdjl — ui (jjij m) (jj_v t Jj — Zi±A __«_-! CtJji. jU L_<_vjjj 

.(VU1_»T L-*_u (Jj) 1862 ^LlII ___** JjUj-uJI £jL___ <___ « j_*_X1 J^» 
j_*j tijjj-^SJI 5j_-lI_JI (jja 4J <___*j Jjt 3j___J1 ,_u- ^ MjbljU Ja" .. .lj 
SjJ, 1 Jl_> 4JLc *j_5j |<J 4j| (jja ^lcjJI <____ Ijub .43j-s-_i j-1l-> i^jJI ___tJ1 

.(j-jJI (j-4 J__C 

(1851 - 1777) j^jrfcte^jj[*c>\*<*HX\ 1820 ^L-Jl^j 

_Lt__u_9L-U1 3jj VI (jl J_l>Jj .(__jj^ jLuj Lj__La L — uuUl <>4 Ij-uIj 4_»j (j! 
(L__L_JI Jjii jj<VJ l_3 j-5__j 3jjV! (jU (__Jj^-T jLj 4j l_LL_u JjJi Uj I i< < » fll 1 jj 

3ji5 jj_vj ^yJju 4_V I _Sjlo llj <_j lju_ (jSu t*Jj .Lj_-UjLf) (j_-ujlj fcj--»j (_-— -i 

' U j__j l-LLJI Jj_w (jjI jj <U — l-Lu j!) BjjIj (___» J_w_J 4j — mjU l lta 

U— -_U_I (____. j-aL-_3 jl l_ijL*_u ___J1 2__jJUI l_)__>J1 - jlAjJI _$j_» _>_. UUj 

J^ju ^pJI 4__jjJ_J| (j__ i..(ii1"V> U_T i(j__JLJ j-a l^trn^ 4j — __^L_-JL1 (jU____JI 
(___» j__LHtl L_Ujij) dj_iiUa L_ij_%. ^j__i 4jj_UJ1j 4j<j"l*< ««VI 4jj^0_J*I Uj 

J^^ 3 jj_JLI jI_j_-V1 ^ju-jl A-M ^j .(4_jSLjjI_____ u V1 ^Lij^JI -JU 
(j-4 (jLSj . l_i jl*j U j j .. i rt" __J1 J___j_JI IjJjUj 4jj_*_iI1 jjj^ jji? i LjjjT 

(__jj-5-J1 jUJI (jl UljJ^ Sj_-_ t-JJ J-l«J- <_?jJI 1( jj-_--_Vjj ^LJj fVjA (ju 
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jlj . 1821 J^t ^ .^l^ ^ ^ ^ t 
o* ^ ^ ^U--VL VJ U_JI ^ ^ o^ai 6j1mVjj 
^Ujli o-Jj . L*J_. jj___J| ^ Ui_4 U^Jj ^LUI ^ 
.iaUI *U5T ^ t_U_ juu U«Jj ^| ^jL^j! i^^ 
Annals) U_J_J| oLJ^ ;u~_> <^1L , 1821 ^UJI ^ ,_jj_ __, 
^L__^ L^b ^ 6 f ^ bbL ^ ^ (of Philosophy 

UdJL cJ___b J^j ^UjU, 0 f ljJkSj .4^ ajpn ^ jjf 
r>^ e^' MjL-JI <jl VJ JUL *UjlI ji___l 45Li < Jj^Jlj 

IjLo J^ ^l c£lL__ll 6 f J«_JUL_f ^ ^ . jl^li ^ i ,,. jr 
UuWi ^jj ^Lli« Jj^ ^i. ^ ^j^^ 
1 *^J^c>^L_Ull^ w _j_.^ 

USb J21L v_U___J| ^ j^ajU, . j^ ^ jLu ly, 

.«4Jj*. Sj-Sb^ _Jj_^ ^ ^LuUI uJoa^l. ^ 

c^l (Ul V ^l) 5 j_,U_J| ^ LU uits^ ^ ,1^ 

^° l1821 r ^ l?WjU jja Uj__, ^j t( jj^Vjj 
6j^Vjj 6 _r u* *___,__ sj^ ^ ^ of 

(J___,t <L-3Uj_« 0 j__ 0 f L^ <5-JI - LW ^j J^,) 
c-L uj^-Vjj _J __L_j ^j_^ jjjj V <Gf Uj ^bljU _J Jj ___j| ^ 
J*Jj .4U ,1» 0j ___Vjj o&U^I c^j^ _ f jj^ ^ j| 
^bljU 6 Uj^ JjL. ^ 0 t ^ u_j ^ ^^j^ ,^ 
^bljU ^li^l ^sjj j 1824 r Ull 4^1 4^>JL jL«j , 0 | ^ 
c-i^l j^JI L^ji ,U1*JI & Ij^ bj^ o? ^ 4^L^ 4^L ^Upj 

js-^ ^oJi <J»L_i*vi 0 t 4^jij ajLuotj 4o*-f uu: 

.U-l J^^ ^bljU ^| tJJJ ^ uK<^L>4-JI ^.UVl 

j-i-Ji ^ ^j ,__l__^vi a^_t? _> 4 


4jjlUI J_& 4l_u (jrCL- Juu 4_f cJjjj (jl c-a^JJ ._-1_V_j (^jJjj—JI 
.Cl.14 <j_>^1__U Jj_- JJJU _<11_« 4_J__a jl -IjLa L$J}U. (j* jJ*JJ Lr~' 

.Sju-JLI oL^jJIj LuLI^j L_Ltf ^3 4^L*_JI olj__L_J1 oLu 
I J_v Jj—JI ^jj-u j £_«bJ1 <jj-_II oLlij * i f J>L>. ^bljLa c^Aj ««- 
LoJlSj fj 4jj JiJLt jl) 4j-,MijU itti j *L>$-JI 4aJL3 L» ^-ic 5j>L*j 

«j j .- j_*j ^ylc £jj__jJ,I <L>Jl__4 j^lj (JH>*JI (j>-J -1 4j| j-i_v I jUf 

j^ Jjt jl£ ojj6j ^LmmSLJI JL^» ^ S_u>- 4.»,aI ^jla 4__Jj *(jjL&j 
^.L <jVl c^jjjUI c-^jil ^uS^lj .(1823 f L_JI) jjKJI Jj*-2 J^ 

4jjJI 4J <jt JJu 1— «jJa (jruj _■} — ■! mh< I jAj '(1825 ^ L_Jt) (j-jjJ^Jl 
<jjj__J1 (jj^JI (jrUJ <*_ *4jJj^ _J_ Juu Uj-_J (^l 4uL-*SM ILu-LJI 
tJ* J -|-i U I jjju» L__jf ^ualj .SLpJl O-uj-w SUmimj 4x*a! o1_ L$jt 
((jliil Sjbl <j_- JjJ-^ (>u L j_*j) Cr^J^ -~ - P 

Sjjj jjja i j___ £_*_! (jj-SJI oUljjJlc. ji-ljt ^yaj *1825 ^LaJI ^ —Ujj 

jA _---!) 3,. , fnM I oIjul^LJLI (j-« SjuJl^ 4LuL- Ji-t jL 4j_1I 2u^jUI 

4.1 4jIjJJI 4>.j (j-Jj . JL_&J ^L^-jjiJI olj_>L_- I (Uj_1 

^LL^I_u£ Jji4JjjJoSjliJ J^4j,,MUl;UljfrLj.iSJI 4__.|jj JUu^J 
4tj.U ^ 4*** ^La^U *j-_j .(3ML)/I _*-» ^lj^y L-j j_£jj <jt 

: 1826 ^LJI __* S jiCL S j__i j_U _-_" cSblj— cr^ J^* 2 
ij^jtj jjJj (jt ^ jj 0 ^>n i (jjt (^J^. Jjj^ — "J>1 j- 4 
oUu^l j l-J^JI \ j_Sj jl ^Um^JI 4jj*_J 4__9j 

^ jU r j iSJj^-A UjI jLct (jj i4>»L*!_L 4l_JI ol j Sjj — _lll 

4jj£pj*lJlj 4— JjUitl (jj—sJI j — « JjI—I 3JjjX.J ^y* — 5_ 
j! t 3jJj_ Ol j j-lC. jI jjs (jjs I Jl*. Sj-u^ (_j — _> UjT^ (jr~^ 
(jxw9 (jjj-uSJL ^^1 t__-Vl mJJjJ ^l—i-t jl *0>L-_J 

o1jb_- *L_I J& ^l j-l-V1 4jj_*_J1 *lj-vi jjJjLtj 

JU^ jA U j|j_e LLp-t 1 JL-J- u <Arftj j i^_L1j_? (jrJ—J 

^c^L- 4_c (jx. _Jjj *>L_ 

« j_c ^—tUI o>_ ojjjL_w>J1 ^U_1U ijSjjS ^U-^I (#) 
Crowthen British Scientists of the Nineteenth Century. 
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J^! ^ 0,^1 cJl_*j* <jt lP^ >**J ^ AiS^UI c*L_^j 

.«^1 oLot 2uulil» 2UjL^ Jjl» ^ f L«*)M 
4_uu^i« ^ Sj^L-t sjuj^- <l*J* ^bljLJa ^at 1833 ^ L_*J1 ^j 
__Ji jju «uSJj - ajSjUI a .«,»jXL *L*j-JJ I jb_^f -^t M * U» J^ 
^U-b jlc <>* uryuj^l j-*L» «Lit ^ ^jJI eJ^j .g-jjtiJ» 
<U jLo} ^Uct jiioi 

jasLUjJIj ^b*SjM -_>jl gjP--» 

^ ^^sji jLUi IM j— t-ut ^ll>-^ 

0t 1 J-* J^ .41« *-u>--l U-^ * i >".kl" « SjS - ^. « ■ . <jt 

1824 r LJI j*___j SLj^ IjL-jj *_-»_----_ ot 4S-M <y> <j-^LiU» 
Lstosc^ I j: J-~t *j.,,.flj <jt <jJ- <>» o^J 1 '"A ? ,J ^b ^L_^l 
jA, ^uJI <jj_iJ1 __LLj_jA_ ^ *K--U <j1 jIjU _L_ dr^ 

.U^, ^j^.UUi ai__jj 5 jjj LLdJLc U I jj 4_! j-Jjt tj_--l>- < ■?■ <Vrt lj 

Ji-b <^- e^uJI c^jJi Jj^ JJ^ Q*J^ Op> Cr-"-^ 0^>>* 

<jULt -J-U* 5 >_>L_» J_->J <jt Je—^J ^j-^J (J-*---«--' jW* 

J^j^j (1862 - 1776) jJjb Ua okj-M 
^j . juj^JI <> cjy^S* «-Jl^j Ljl*i-I L^Jj .(1864 - 1784) 
, «1 0 l_: J__e u _«L__i!l <j-u<__ eJA Je^ j^j^JI u^i b-^ 

Lijj 4J^ jJ^l 4j! 4jUJI (> t 4__^AjJLJ 5jl51 j^l J^ljl 

ciJ^*!; J^jll o*jX\ rf U^T Cr^ "'J-A^ 6^* U^J 

^j^JI j* Luj^ IjLi 1 jla .. . j j mmU LUII 5jjVI 0- «r^L. 

,J jJI ...jL Ultt j^bJI ^ |JU> ^JJJL» d .-r" jLUI I Ju* ^ 

^ ^LIjU jLJi J^lSJLj. . »^1 1 I JJb jj^uj .5ja)/l eJ3 j^JJ 

, j ^ ^jjuJI (j>dJI CjLLujAj 
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.«jSLUI 4..,.<jH ^ya Sj_LbL*_* ^^aL ijtalj-» - 33 
.1846 ."The illustraterd London News" Ua** ^jJI 


L*__^lj Ijl. 4 183 1 f UJI 4K ,UI ^..IjLa 4j> ^Jlc ^ail c_5jJI «^J-j 

Sjlc, 4_Jj jl i*mj) «r*!^ **J_H* iii jj-C (jrU^ J^H Jjt^ 4 

i. innl JjLa J «ju^Utm < ■> ( L>L»j t-j-* i)--» <jjj *<-o— i* tW_-.L 

JlLc (__jj_.>. ' -t*Aj 4L Jj Ut <^4j-L JL>»! JlLc ^yJl 4 <* < iU*> <) ^ ..ijInLuLa 

ijnnrttl (jli ^JUJLjk <„. ,nn4 Jj_s- «'II ...II <-__U cJlJI Ijjj .j_=J_/1 <_fljisJI 
<-ijju (jl (^ljljLa jljtj .*L_jj_$_-11 jLj J jt i V> JL_C (j .nU l it a ^j JjJtJJ 
LjuJ_>- I iitsA (j\ ij\ <£-__>jJI (JjSju LaJLuC <-l»-l-*J <__tj — <_. jjjtliJI IjLA J_* 
(jjjd-l I JljJ ijj nij (-Jj-g-CJI jLlII J*J*J <jl *Gt — ut ,j-<» Itnitn a 

4C«v,mi 4 mdi _XjJL>J1 L4JLJ <^t_____. 15 j_*j _Aj_!___j 4jJL)Jl>> 4 nl-y (_-J— - 4jjj>iJ 
<4jzL>J1 {ja jj* l ?" (jH_ut_v <_—_-- __JJl__JI (j_« (j\jiLa <_Juj . LjjJu ^u-u 2 j%j 
(«Jdil j^ jLjJI jLj-w/ JL«- JLiJls-JI lUii^l] _LjjU__aJ (j-j_ijL>Jl Jl>4 J_u_»jj 

4jtL>_j| J (^yJjJjSJt jLpJI J-C 1 Ml^Clt ^Jjl ___>- (JJ-LI- j-4>- (__J1 j-»-^l Jj-->jj 
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U^J-^ Cr-M l L>—?J~^\ ^ >>JU * j — ->LU _____ -U _ uu _£_L_JI j-JL«j_Ui_Jl) 

. jbjL»JI iLaJi- JL-. I Am jU ^t J_ ? ,,,-t -dJjj ,(1821 r U1 ^l jljlii 

<_jb1jL_- 4_i__>jJ L13 . 1831 U iilr><i,f f 29 __-» 4., — _____ Vl 4jj_*_J1 OjjJwIj 
(4jjLLiJLj JjVl <-_-U.I J_-_-JJ JJ—-* <J_lji_»1 j_d-j_L_1-JI 3 jjj <jf Ja_»J (jrj — a_ 

.4jjLLaJL 4J___»jJ1 J____ Jl >• 4aj_J Cjj_L-»1j .j_____JI ^-Jj S-j-Lj CjJljjI ^__j 

<i__jlj ^< uUL_Lo jjjL» 4__c jJjjj o__jIj (jJj^-t jLp jLjj — JLa- 4_t (j_JJJ 
jLuJI U*L__t j-Juj ^l 5 ;u^MI -J-_*_Jt J>U <j_J j . jLj «i* JL*j V 

L___jf y^UUUI j^ibJI j*B (^t J\ jf e-Lct ^Ji *1 >___) (^.jj^-JI 
jj_^tj.^jj^ jL_j_J BI*Vi ,„l.ls^r< L_jL_ ((jL____i_Jl jt B^LjJU *1j___-) 
uiu-a* -_l_j_»o jj-mj» jt < ?iMtXI U (jLcj — _uj t(_jjl_*_JI (j-« 1 juj-4 (_;l-t1jLa 
jLs i£j--j _---J --_-_" 1 ju- (jp> «-dJL* *J_U ^jLa- ^-JJ jf J_-.b __JJ (^.inUL-U 

L-ILJI __J- _£><-«_ ijriH^ jUi <-,Vmij U-U 4jf < rt,V<<lj . i i .LL.J I __is __JJ-^ 
L_-jf 4_L_- __j_%-_4 L_-jUl-»a (jU __U j_C <4-_4 __tj_aJL) LiiijUL-jL- Ij-uLj 

UU_ 4J.U* 3jj__» *Ju_j.4J jjUJI -UupJI (> Uj-jS: I j-ib ,sv, ,„_ (jt 

<— il^j-r", I»! (j__ £A*_»J1 j-9-_- IjLL LJ jmJu U-f <j_- }L__J. jiUjl 4jjj>u j-_-i- 

*(_jbljl_- j-C-jI l — Ji~j .c-j_j _^_^1_jL« ^Ijls__ — _ul ^jjl- _>c {jrtH^ j-— J 
^^-J! jJjJ.1 Lu_jT oVl j-S-ul «j^-^j-jSJI oJ j-JLI ,J__iJ1 \jjt £» LaL-___1 

4J__J1 CjI j '"4 '-jUt *«Uj c_ULJ1 CjUU 4_>j_>. ^-JL_*_i i_u (jjjJI j^»LujJt jf 

oL_L____T_ t l _y» 4_-j-*_-_l1 a^A^Uoj . ^Ujj^ST l-iIjLu JlJjJ 4_Cj_i — _J1 
JS^Ij .1831 r l—J1 j^i»j_ 24 ^jj 4^1 4 j-^ll JL. ^tjS 4j d_-__-J 

.(*) tf>iUtfu _. ,Uic (>_., cr i_._M 4_l_Ut oULJi__-VI _-la J-_-_»j ^bl jUs 
J_n.<11 j *Ij>«-J1 c--U <",U- Al (^l 4jjU-I ^l j+\ (ibl jU J__>1 j 

<2u^« 4-^LL--> CjI Sj.i U"t _-_S L4J--I Ji-JJ _-_J1 J t(4 — ajj^SJI »L_-L4J-JI) 

U-jj (jya LJ 4£jJU C-jLj ___J1 CjI — DtlU.^U _y» bj-C (j^t _-_-»- — u_>lj 

u-tj-ijji- Aj tf_Jl .(1878 - 1797) ^jIa ^j^. tf j_JjJt.j_-.jL-. (*) 

^btjli (JjjS _, jUl i-aj^i-Jt ___JI _______-l k-Jjj^ (,-- y-LJt ^*?--»^ L?— 3 * 

. 1831 ^ L*J1 __« Ljjjtt __- iij^j" (j-^ 1 ur-tl j-Uj fJ --SJj **j_iU- 
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« I«u» ll 1l 


.Electrode jt j jj___J1 j < Electrolyte J^JL^» ^«oJj^pSJI» 

-__-u>lJ jt jjS^JIj <Anode SUjLL^J» <>. v_».jj,l ,_-_____!!) l)t ,nl,l j? jj-tj 

^l j oljj i^j-*^-* jt 3 jj) j *Cathode c_Jl __ y u « ) 

Jjj--- (___» <_ — __L__t iU-tl ___« L__ut ^_j_a 4jf jlu . Ion (4_uLjj^_> 2 A, 

*4JL__ljJI Llu^ 4lu- J5jV1 j-«Vl ^j ,4«j,UN ^jiJ ^^LJI ^l 
,» j__j ,3l*lj Uj3 * jL_L__»1 ^jjJSUj 4 — ui-U (j___>. JjjJo ^jjajJj «G? (j_4 ^jJI 

Linesof)3j^l j^j^lai^jiUuM j_«Vl Jjf ^ j_3______Jj.4_44I1 jj— «Vl 

ur^ Ij^Lu» Uj^LaLdJju jji9j t 1831 p)^\^4l i fAlc.£M l ji(Force 

' .'J i ^ j>j__ 43 jj -rU ^ir. JljJl>J1 Holjj jjLLu <±,-yw 4_*j_Ul -jjU__UI 
J-OJL jjJL-wj .<j_ «Urtll J^j JajjJ 4_.._*_uq LUjJ_-iw JSL_____j u , iijtril^ 
<j_-J_-__ll (j_4 UjjJlu» -UJLc £jUJl <__J1 3__-_*JU Jaj U-~-.11 «jjb 3j_JSjJ _jt 
^u»jJ 4-**- 5jUI <__ol_if Ljj^4jj-ir ni« CtU^uo- (j-« jt igj ..hU1m.U 
£-w->j <____ J--ojja 4-*j jLS bL___ .<_-Jj-jSJIj u MijUliwtl t_-oJI (jx. j>uaj 
-Uj__ii-_t 4-_.>lc ^ Ijrtl .»< l_ulj (jjSLj <GLi t(J „ jU1;»<,> j*" c__>Ij 
(j njU l ltU jjt iO (j njUli a l l 1jjU-"U cdjAj 1 jl 4J__Jj . jLj _lJj_y Vj Sj__J1 

L«jj — u, ojjf jCUj J___»jJU (jps (*lj__u, UajASLs * Jj-*j_U IjjLtL* <jjjjtb 

. JusjJI ^ya jLuJI jJjj (^jJI j__> 1 JLAj *4_-?j->. #LjI J& *>j__JI JojU^ jj& 
4jj30 ^ JUJ1 jA l — j__-uaJ1 <___!__ u mjUlittl JUell Jujj I ~Ji_-_j 

t^i jjjbl jLi t*. jJoj <J__1 4_2j_J_J1 ^ ,jLji 4jjujl»J1 4_oUJ1 

U*j3lj>» * > VTd ^uuULlill ^jjo 4rtlU)L1 3j — 3JI JojU-^ r«<4in't u 

3 j_Lua^ Sjjfc £j j JL>. — J| (^jjj U-4 *4__UJ1 j_k^l < rt U1 jjC(Jj uiJ 

. SjjUI JojU-v- iU<i*i «_L»Lj Jj*9 jLpAJ 

^i. ub '^j— * ^j-5L_i»l j — <ii ^y—is -uIjl» ^UIjUi jjj__5j 

j — (Js jjij Uji jjjj ^jJl (jjjjb J!u UUj) U_t __j 4jL-1 n->" i ,,1 

12 ^j .{4mS. j-CJj ^l jt ub * u ^ 1 -*-"^ (jj. 4__iij___. 

^j___3_«j ^jj-aj ^jli*-* c-_jjJa_*j L^jla-sj 3 jiC-U 1832 ^UJI (j-jLa 

Ct^ tj--uj . 4jUj JUu 4jc___J 4_t_CUI 4-ut_v-»Jt ^jJ 4j(j_i- (___. 4___CJjlj 4jlf 

:4_JLJt 5j____J1 Sj-ijJ.! «jub 


133 


4-J___jT , 1 jtj (j i i jU I <t«i (j— i9 (jji^L-La J— JJJ ^ * 1 
L*£j>» Ujl u iT <jT (jS-4J ^jHlj) SjjjJJ 4-jJI jU SJUju JLjJL-- 
*4 j t »jU l *tU ^LuO.Vl (jA LoeJjJU J_U_- (<jj nijUiitU (jVl 

(jjj—tl jL--__il 4j jLTLa ^} J-wTj . . . L^JLSlj V oSj ^J} £---»uj 

(_-_> CjJl_»o (_--JI oL jujJL ^jujjb\jjLA ' -Ua 3 U l :_t | 

:Cjjj_JI jj-IjJo <___* tljjjl CiLjljj jT tdujU,^* *L* -U ... 

oUljiA-il 3^ jL Jjill J^t ^ 
L^LLjl J!l* jjkljlaJI d jla ^-Lc j jUm Yibratory Theoiy 

.ejj-JI (__ic jj-t__* ^jt<__J-c L^Lkjl J--«j ,Cjj___JI ^Jc 
J^Juluu 3 j.« , j .ULjL U ^j-Ltl o\ Jj-11 1832 f L-JI j-La ^IjIjL. jLlclj 
tijj^l JJ-t-J' 0' — (jJJ^j fj*" (J^>? M) *L____JI jjc L*JLSjjV IjSj 
4_j_aC»lj L$j} Jj <La aU.^ a 4_o*jU iSjjJI (jT^j-t-ilj t(juu ^J-- (j— « 

tPl J-*^ JJ 4_--l jjJI 4*IJrt\^. < iUtO (jSJj . *JJ__Jl £j» (4yOJ^L>. Oju (jjj) 

jl^T Ijla jajj * jL£aVl tfjufc Jjjwjj j-jjlauJ 2uj>UI ^LjJI cjIjUU 
uUj (jJJ *jL____1 <jT 4jj-L J__s-i_j .djLSjaT jj_j <___»■ ^jj jj v iL_4 
e-SJ 4a-L>aAJI jJiLZLll 4_^jT ,J JLc4_*__jt 4_u_LjjJ1 cjIjLjJU 

JJ4*>J1 e-lc Ljja_3jX. <__!__ JujJt Ullo itjitAnutl ^J} 1^L,,„ djlSLsT Ju>j* 

< _i."rtf jL*4-l <j-« e-iLc <jt ^J" cijlssj ^oJ 1 j__» (jT jlu .Sjj.^U * jut» <J& 
(jj-aJI oL_j-Mj JMi_ J*-JI J& (jjjjju_JI jVlj jL**)M 4^_aj jujui 

JU-M <jj J_4jJI (jt jLjp^l <j_» ^.iuSi (jT JUU JL-UCI 4j| JJUJJ . J M,r J-iu/LJI 

4j1jjS"jL« <jj» j-^t j__A La4l}jjJ tiJjioT^ja^L^^Tj^JL-J^I ^-J} 4__. 

*4jS11I 4jjuw_*JI L_»Lc.Le (j;jl_-| ij^^i^jl^jjjj^dijj^^t^^ 
j*jj tiiL__xiT (j_« _u_a>»T ^ 4J «-jLUiw Jb ^jLC-T (j-c (jjbljLe > I j^Jj 
jLcl cj1j_-_>U>» ^Ljj (j-« ? j\--_»wc- ) L_-->sJIj)( : _JjjJ| j^jJLI ^ 4___t^_>JI 

*(j-«--C ^__jL*JI (jj-_J1 -_jL_UJj___C J->-1jT (___> ^IJ. t rt*t 

cjc — _-_-*-^l^3ujl!JI ^I_.IjL_*^jl ^^3*1844^».-^-:.-» 19^_jjI-JI ^isr 

0-' ^ jJI ^j__ojXI jAj *CjIj jJI 4jt-uL ^jj-_j>» 4-jJL-^ JjLJjj *j-*-J1 (j-c 

4j-»j->_ J-a o^uii '^\?-* ^lj^i *l jT jj_«*1j_itfj_^(jL__-i ( ^b1j_fl 
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(Jj -iJjjJI (j-»j---J <jj--_9jUI1 (jjj-i-oUJtl ^j-v__>Jl ^ (j^^ j— 

3< ; A j-j-* Jlsej Ltljjjja LL<, L-jl ;V L 3jj II 2L>JU-« <_s1 jIjLb t — _-j 

<_dJj Vj_> £j__ Sal U_jj i( j:j--JI -dJj jj_vj 4_-c. JIojj i/jl-l o — « 

L$_1 ^iii (J-j Stt 4<j .» <_JJ jJe__JI jiSH Jj-—L1 j-« 4j - q"' ma 
, U jU-^ J__J^_ljf_jj iljM<u J____j_ a \j ^.j a t"tlj,'dl ^jtj 2L — i-iU-t 4_uu9lj 

.Sj__ll JL%_« 4i»jL>JI I, r,;h JiU jl - 4<, .Ut l_|_u _Jt_a <_-U1 L $j_-_J1 
jjjuwj .4j ..uUUtHj *Lj-$£-J1 <y» *jjlttji^tj V 4jT ^IjIjLa ^isjlj 

Jjitj ____» -L__j nuMiT «4-iLatj 4jj-t_j 4jj_>u>> ^ 4_>t j-SjJL 

(j_-jVl r.Un... jJ _ J_j <jf u^*e 0 — 1 J U» . *L__iJ1 U__j (j no At l 

■ '»< $(j____JI (jic L__jl--_> <___J1 4je-t___1 _U-J1 j-Lc LLSU J_-_J sL*i 

(. M-r" UM.II (_flLlfsj $L$j_Sw- (-3 (J^J^I JJ>-JJ «_J_J» <jf » _J (j^tlj 

-t£j-_. (jl_ e?1j1jLs \+*oja <^— 1 4_*_>JI . . ....«» - $<j. l < 1 .*t l .-j_»-j *1jj <ji»jVl 

v^ Ji*j iP» " J*-^ tf * " cm-*-^ ^J-* 1 ^J- 1 
j jU-,,„ ^ jj( ^LSLU cdJ j ^j. Uj **L____-1I *L_f J£ j_-__i _j— *4jL_U 

(j____JI <jf «_>jju» _j — ui Lkjj^lo jji- <j2»jVt <jl_S _J jJ . <J-=»J^I 

t JL*JL1 jLfl _Jj_> .4j e___1 <j:jJI JL*_L1 t-u j & r t 1 —>>«*$ — L_ Sjj>.j-a 

(j<Jj .,j__jVl LgSjJb (pJt 4j_flljJI 4rt m^tl jjb *<j-3jVl __-Sj«> <j_-i-j l — *J- 
<*J) C-flj jJj-4 JUU Vj L$jlSU <_-Jj cJLusj o^J^I (jt <((_3jJJ» (jJ u .. fl «nt l 
j_jjLj JaLL; (<___fljJI IjJb 3jLa <j^«itlt Jjj— - ijbljLi m?jJ (j— <-i 
{ja LfcjL_-u1j 4j.n j M mJjS J^jla>. Jja) fl ihntl j-til (jisjVl 4_ujL>- 

J\ Mjbl jLa ^Aij .^HM-^ill uJ) W (^^L. j-LjjVI jl-c lJ_JUL1 

J_4Jj *(jj£-J1 SLcj 4__jjjL>JIj 4_uj-5_CJ1j 4j — i-_^L_jUI (_4j_-J1 Jo j tn^ - (jl 

-__Jbjj ^jjU Ul jj -_LLSJI UJMi- ^ j-wlj_3 ^t 2U3.1jJi ^-.j^kJI 
(J..l». Att ^joljjJI f1jujl iMjjUI (JUJI (j! 1jw* ( _-u-. ( JUJ1 L^J-, 

,4_tll5B-l1 CjVL-*X1 <_--* 3jjjvj-a Jl__, jLu-o- jA (U_vl jj Uj) o-sj^Ij 
mJ? _j Jl>-i fl Ljjt Lfc j_*___c (j-c lj-u_> 4^_l_i_va jL_L__-Vl &JJb 

(c-jLu-sLjJI ujj o-«) <jUju (J-^jju U_T (>« ^jJI e-i-i * 1844 ^UJI jjj-j 

.^JUJI (_lj (j^JL-Ut 6jJjJ---l UihHU^I J^? ^ ^"-^ 1 4_ijjJ_JI 
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_£j_UI Jo jU*} (j_»L»JI 4__jj_.jj» ^-JJ 1846 ^UJI (-_» jLc eSbljL- <j— SJj 

U-_d jjC <_-_J1 0jL___t (jSJj . 4ju»_>J1 Cjljj.ia! _£J_-J (_£■ 4j j_»J __»____- *Lj! 

^IjIjU <jt _>« (<_cjJ1 (-lcj .(jjJLa^ JM--» UjLu ^pjj J$j __ SjJLI *ju. 

c^I JJ- UJ u-> 4A-L-__tl oP» o-*--Vl j1_t_cj <__ MjjI» 1% 

,-9 4jL____ <_-__y <jf JjJ-U (jl£ ,JJ — II Cj_V-tltl (jl l___4-__j jj * U J _- 

jla___| ijajjlj <>"~-l>. cr^^-J * 1846 Jjjj! (jj» j — __UJI ^jj (__<-U1 JL^-Jll 
<_;jj (jSu («J C-j-*_i Ja <__ £jj uiL _>J-»JI JLCjll JjjS 4JoLpjl cUJj IJ 

^ (^IjIjLa ^Ijj .4_u__j ^UIjLa (Jj-l^ jJ^T Jjju «-m-jU c*_»j ^bl jU 

AjuAS <__j_. ^ <gSj J3. u >'^ 1 jjj <«m j__u SUj __<j sjU,„n ... <__u_ 
_>_? _£_JI (1875 — 1802) 0jpuMjjj jJjl — jj^>- (j^o J Ij^j^o (ji»jju 

(jj lu u T uj <j--j *<jJ-J ^_Jj£" j_L~? 4_ujj_*jJ1 «iL^jrtU IjL _wt J*aj 

IjJ-jj .CJjj__J1 (j__ dj-t_4j 3_*^j 4 — _-lj_- *_£j-~! jj-4 <j£J (j-« <lO-^ JL__t 

l_.j____ 4j| ^bl jL_ c_I j_-t ji__- t __.1j_U_UJl1 ,L_JJ *1jJ SuliJJ Jj--~-- 4_V 

4-iLwC. (jf Jlu .4JU--I 4 — _c 4jL_JL jj- (_>_3jju jj 4 rtj, > »nt Mf*>- (*J <»J 

C_-J 4jL$j <_-_) (jjLljL- Ju»__ I j — $Jj t£-__U C__»jJt J_r_3^Ju uu ^J (j_pjj_J1 

<_*_-jj .(jjj-JI Jojtn^. (j__ j_« ojl5_al (j^» JujJLl (j_3j____ __JJ 3j__bU_U 

_JjJ-JI JajlaiJ CiL_U j Sjjj-s (__** * j-j — ul_j (jS-w fj-_-Jl (jf (_-JJ SjJLI <?juS> 
Jj>.j (j__ 4-wJl_JI S j <ir1t (_JJ 4_wUJI (__iJ! _L_ l_U_U (jj <jj ( 4__u^__11 
; ^jjl_J1 CjUjja J-uJ (j_j_Vl) (__1jL_u Jt-a_4jj 

Lcjj ^U__V1 j^J-J L^___j__|j j uiUut (__JI SjJajJI (jj 

< J-ujJ Lgj? __3jju (___J1 (_5j>_3j| __5jJ__v (___» 4jju jJI (jji Uj_5j 

l^</n^ 2oUI Jl_C _dJj_? J-yjjjj (j__juJL ^ oUj___>J1 
.oLjbjJI (j-jJj juj-M 3j--- (j^j t-JJ J-c-3 L$iJ .(j___jJL 
(__b L4_c __ij-5t_j (_____] i <__LlujJ1 ^jj (jt j-uajjJ t^UljLJa jj___i____1j 

jl-CUl (_ic j-j — uijj j-v5/l L-JUJt __JJ L-JU. (jjo 4-l<_-jj- 5j_uLl_> CiU.jji 

J-Ttj t Cjjj__J1 C-Ujj4 Jjj) l_1 j — >. - ^£)J CjUjjs Cj l_jJj i^jJaJI J_>j___W 

JLi V4-ujUJ1 (jl(-Jj4j>Ub(_AL--A_ij._--j^^^ 1jL->(jI 
. jjvT __IJ ^-l-utw _yi JL___jAJ C__>j (_JJ ^llsoj 1(3 dirti 4_tjjJ_JL Ja*j L^jj 
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.»M-!0»___ 


Laj e<jj*c {y* oljn .ng-Ul j-i-ljt ^ -Jol — -_j (__-C. /jl .sljL- <lL>. 

oVL_*_~ <___»j (cLJI ^ jlt"i Jl^ja ^a j SLsJJ Ijl ..Huia J-yC _-J .1 A>l»j 

L_3J__. (j___>j t4VnAjL)l <_J1 4_bL±4J LcljMll i4___J j_> jJL jJ J_vj .jJJ 3-1 

— 4-jSJ.U ^jt4?-ll I — tjuJJj Uj£_J 3j__J t>Gj-4 (j___ijj ij-jjli) c-i — SJ 4 a Uj 
gJ-JJ ^uuu (jl 3jjj____]L L^-t — __ (j-a (j__jjj_J1 _•_!_-> <j? t*--jJ1 (-J-_ I j-- 

JuL>o JL*_4 ___! Jjjl _J1 (___ J-*__ jJI <^Li-_J1 u nr.11 c-JS g <-flJl — 11 

___» (^JUI JL^-Jll (jwa 4jJlrt* .J (j-»j-_- 4_iL- jJI 4jIjJ__ jj_-JG £-*J .<-____J1 

(Lx-_J) .LLJI *L».j jl^jJLI (j? j-t__ ij-*xll (j-« (j_u_j__JI ___» jAj 1861 |»LlI1 

__JJ 4 1865 >-L*J1 <____-. ^jSJll JL^t.lL 4__il_-_J ______>.l j .-___1 jll __-j____, ___* 

i 1862 JJ-JJ 20 j*J— _■ 4jljq_>JI 4j ___a_j (j__tL>Jl j-p- _M 4j ____>- (_____Jf (jt 

j_j_.T Cits ^jJJ Jj Lo jj.<!l £jl (j_a 3jl <__j j__ 4a_i J-Till jJl j»L_J1 jj_j 

^ljjj-l (_____ * Lb *4J -4JJ--J l £)j__>L__- 4__UI 4J 4_o___- __jjj£> (jj____L_ — £> 

1 j__> Jj__j . 1867 0 „U ,,„ft 25 (__i_ __ILla 4_jJU 4___1jj.t_jj__Jt j—jj»Vi 

(j__ 4J_-L_JI 4_uj____ Jjj — ___TLa -Jj^L-" (jnoj^ j_____J <Urt*4 C-1j_ — -_ -_)}__j 

(j__ ^btjU j____l (__!__ 3j-_-_L-4 L4J. j «V 1 (___JI 4_jjj-j_-1I 4_> __^L_U1 

. 4_jjj_j_T 4 j r.«i jt->l *_ a _j_->L_- _jL___L 4jI j »j > t1 j__«__j «^Sj-UI J_»jJ_x_- 

^J-i-tt -_A>_- (J-<U-- 

cj___JI j 4_uj^£~J1 4_j — fiijUL't_J.I (j__ 4_jjJ_j_J Jjj — _u_>L» J-iLls-IljI j_~> 
(jj|j_>- (jja (jL-jJ J — ajl j!) |»_____ L-. J (___}L__J (__jJ^_>-i (jL_> jJ LbjJ j — _>jj 

-1819) jjj_» o_LjjI (__-___uj__J1 ^Ljj-JI ^JLc L___> j_?jjj .((j^___j!j_u 

9. jj__JI (j_C jJjjJ Sjj-L__ j-ijJu ,j___* — ui Jjt 2__ jLuaJLL (jl£> jJI *( 1 896 

4__ j _J JjSjj 0 ^jn^ julj (j_,L_j Jjt 4_1 jl iDoppler effect for light 

(___> 4jL»jJI ^Ijj! (_fj-__-tl Jj-o) Sj-T jj__ fj__o ^L« — uu duu jl .*j__aJl 
4-uL4J 4jjJa jLi_a>J jlj-Lol _____ jl ? . .4 ol j SjljJ 4__t__ JjLiw (jj» (2__i_J1 
^L-j-JI ^jJcjJ j3jU_Uj_» Jj 3u_ij (jJjj__< Jj 4_*i5 (j-u La J-Uj Cil j_u» jJj_> 
4bj_ta_J1 »jjt _U__J • 4_u — uJLl 4J_*__)I (__ii (Jj--.! 3j___T j_U_ _>jjljJ 3 j_<s (j — a 
4_-l JJL4 JLk JjjjS ^LU-u-tlj . 4_*j_____JI 4x. j — uJL 4i_t_J1 jjJlj (j\_w ______ 
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iijl gjiiaJI 4J3j-*j uil ijj jJI (j-*jJ1 3 Jua (J-*uJ_j <jt 4jLfcitJ1 (jljJJi 4-Cj -uJ 

.«Jtu JL>JI jjJU-TJI (jj» 4jU1 (__-d 5 JJ Jl>- (__J9 4__Cj_u< jj Jl_u ^oj (j-aj *4-->.jJ| 
^UI tjojl 4c.j»u4j Ja>xi fj»>*tl ^jl 1850 j-LJI Lu_ut jj-j-"t £-L-»jtj 

4_j_vjJL1 £jUJJI j£> (jjj 4j u-iIL I uijjj IJjJj \jJt J^UJJ «olj^tl ^J3 4JLc 

< _ t aj.ul>JI ^jjjjjJI (jj-au ^-3 4_-.i <jjjJ1 juS.Vl jU^jJLL <j — 1 juj <>jjl-__J 
.*lj*J1 ^ 4jUjj| 4__j_ui (jj* £j_*_iIj »LX1 (__-3 J___Ji_u-i *<.jj__JI (jLj LjJu jJI 
<jj« jjji J*C ^ jJI *(1868 - 1819) jSj-S (jjJ (jjj j-li-U <jt (J[>*J 
j — l"*-C <.«h II (jjJaJI L-jljIj.jjjt JjAjv oltll (__Jalj_cjjj__tl jjjjusuJI J»-t 

£t-__ uj ^jjC 4__jj_Oj 5 j 1 j , A" 4_<^1j_Cjjj_!i jj-__> Jjt __ Lc i t a ^l uaj>. jl ) 

4jj_>u LuljLstj-uilj <jjj___1I <Lcj — <_u (j^LdJ JJ>»^I JJ* Ijirta (jl_> t((j,«4 mJI 
.((jjJ — uuJJ L$--i-_)J 3j5-d (_ylc J < M-" j) J— C.ljT U»J4nfli ^-u3J (jl (JJ — u< 
0j-u_u J_> (j? JUu j — s*-|jT ^jjtj 4jlLc J*j-i-w JL3 <jL£ jl — £^t-i 4jIju <jLu — uilj 
tjr^l ^jljJt STjjS (jj« J — Jj-4 *JjU» <__J-C 4jjj*jJ1 £<jut> Jj*j — <jjJJ 1 1850 ^L-Jl 
4jjftiT ^cjJojj LiAj . 4_uLj Sjjj <>jIjj 5lj_a <j_c Jjjj p_j 4_uLj Jjj-J 4Tlllo <>Tj-« 

STjJLI (jus *jj___J1 jtjujt &L__t SjIjjJI bTjJLI l£]jj»«j ^ f j'^^1 £L_ <i (jLLj 

(j-o-Lcj . * jjJaJI 4Cj_uj I * j L. »" ^jJI dTjJLI (jljJJ* 4jC.juuu Luaj? l^jjuj . 4" y 1 1 
^jjJU Vjt j£ij*3 ^jir" <«l jj jj\j> 4jujI (^jJI ^UI 1850 ^LJI ^ j_?jia 
J rt**< < J <*jjuaJt (jt (1 Jl>- JjJLs Ci — BjJ JJJ^ 4^JLstll — ujJ (jt JjS) ^-tJajjJ Jj-lS 

. ^jjJall 4cjuju (jj/Ld («J .«iljjjJI (_yil < Ocj_u< (j^ >Uia LLut 4_aj-uu M ^ 
(jt (_jJl JjuajJ 4j| t^^jsgj 1 JL». Ijuj-C 4jjjse_JI J_Ll_»j L^ju-u 1862 ^-LJI (^J 
LtuJ->JI ^jjrtltl (j-4 4jULI ^ JL>.| j JjJLs*. (^ tij /^_T 298.005 4_Cj uJI 

,j^l 4^j_uJ (jjSjJI ^lsii I jut <j* l>Pj .(^/^ 299.792.5 j_*j) 

. Jjj-_u_CLs 4jjJt__j (jLu_u ^_J3 4 mj^ (_g;j j j<r. 

(jv4 J JLldLA jjLS (_ylcj t^jpjjL (j__-jJL-__J_C-_ll| (jrUj-ult Jjl< <l JjJ UI_TL«J 

(-iJc-jjjlj iL-ljjSlLu L-fljt ^jjj£)jjl__j t(_y iljh*i<a L-_)jf Jjj t u^La JT L*u-> i^lj-lJI 
(jt L-djJuj . j-u-C (jjaL-JI (jj-oJI (_y_* (j^JJ->.l Ju-a (j_u_«jj JjLi. (j-a (jLj — <jjV| 
^-jjjJIj L_ij-fl 4_LC.1jjJI (j-ajVl (j_j<J (jl JlS 1500 jJtj) (_- i1jJja uK hpa 

(__Ji CjJT ^ (IjlJjjSLu/I (j_« t^-jjJ-JI e^jJ^JI (j^jJI ^IjjJLc. <_-J- 
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Jjj5 V C^au ^jiU J^Aj jyj^; ^-j ^jyg 

^J ^jM* jjj^ jo_« ,( j^lj ^^i^i ^ ^Lj, c.ISj^ 

ojujj 4^LVj c^5 IUj£*J| ^ r aij ^ oUjJL ljxac 

C^ U jj*jj Sjo5a ^j | ^ cjjb j) ( Ij^j ju* <b tj^, ^ ^jj . J^ 

w4 (> <3isjf ^ i j^u 4^ 0 j^ ^Uj , i^ju ^au 

^.Uu ji£f Li^ 4J >Vl j c**JI otu 3UUJI u .jl v 
l*j*IjI* <HiaU£ US t LK ^jjll) UxjJjJS^Ij ^l ciljUuJ d^t 
^ £*PJ *(>^ <UI a>SH «> ^JjVl jji*JI J>U ^_>j ^ i 
V^4^^^c^^dLJjj J-^j.^t^y,^^ 1824 ^UJI 

jj^ji j^i^ji jij^ ^^i ^ j^j ujLiA r isij 

.4x.1jjiJ Ujuu^ 

^ijy u ^ jjj, <j - 1831 ^ M 13 j^u cdj^^j^ jjj" 

.3jVjJt J^tj^AjJ* 4jUj <jU*J <jl*Vl Uju^s «i^ ^j ^ J, 
jl CaK Jij^U Sj^JI <jf Lusj^ 2L*aVI ^ 4jU Ij^l | ju> (jKj 
WI ^ < cU^ <>j3 <jt ^j Uj^c <>, ^j^l o>L 

^ ^ ^ ta ^u> t_iSj . j^it ^Vj JUu (j^oU J_^ 

• tt-ttl «Lljjj? j^IJIj ^l _>L_| ^ jujl>J| C^JI ^ , 1 JLp.j 

c>s^l>^jVl *j| j*J ^ ^l ^Li ^JI jVU 4JSJ <LUJ ^j ^jjj 

O-*^ (j^ oLLiJI j SjLuu £_ (^paJb (jt ^J^uj . U 1 cj\ 

iUjSj^^^ t ^110j^JL^jSL-^>U u^^cr^-^ 
Jai £ll&| J^ (j^jj Sj_^ juu ^ ^53 -»j-uj| Uuj .J-l^ ^jJ 

m <J\ ^L^J» Dtj^iJb . 1837 r LJI - jSL^^Lc j^jlI 

^j Lj^j3 a^ijjji ^ £jj_jiji j^ j^^ji ^ 4^ji jU*Vi 

ciLVjJ1 ^ Sj5|jJ| j_^V| (> 5j^f JU Ij^ 4^ Jjj_^U 4i5U 
i*^ a*. ^ Js^ A^Uoj 3j^f JU Jlc ^huJj .alliaj 5jl*_UI 

.jkL^iLajj (jjs CjI jx« jiA 
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UJLu i(j$jujy\j 4_-l_JI __* (-Aj (j__j__JI (j-»j*J Jjj^Lj j»! C_i_jJ 
tjLaj ojjJoj JU_j j-uti l£>4J 4i_ Jtjj *aj-*-. i>* 4JL«_iJt (-S Jlj— J V 
jll_l _} *4_ujj 4jj1 (jrUJ 4-Lu C>M-vj «eL-Aj-hJI 4jL>. t-uJl — <-J 

CulS <jSL! j ,4lrtf 4j-ojJ <_fl 4_LlCjj ^JLaJ! 4-jjJL 4JL>I Jjj--fl ^j-y u i " <J$\ 
CiLu^9jj^u.j £_-j Ulu i>o <4j»jjjJIj S_L_-JI j__.Vt (j_uu 4__jjJ 
^ 1 nnj ^juJ 4_CJj I jLf jJLjj JL3 j_*j ^-JL-, |*JpJ0^1j ^ — _-J>U 

J : >:JA ^ 3ju3.jJI ,bj-_JI !L_L-J1 <jSJj .4j_*jJLLj ,tj-_Vtflj 4_AjVl Jjj-> 
4_o,Vi , «I (Uu__ «tjj^^jc jujj j»ISLi V) i_>Li (j-oU <«---« -j-».j (_ft cJĔUj 

1_l__(jt jJuljj .j-S/l (^ej^a^ 2j_ti.Vl Sj___JI J>U. _ )'">-> f ,l*"'l *J — -^' 

1 jla j r.,,,1 j * L ---«--J1 o-?j <-- 1 j— & J*jUl\ j m.-»j _,t Lij-* JjL*. fd-ll 

OjLA l.ii-l 4-uV jSLc-J (jt jL___ ___ (J - u . 4 M.-v jjJaj. j L-UJ ^(j^Ui-ii J*J £--->jJI 

*jjj_J 4_j*jjl£l (jjj 2 j__Vl 411 ■ .. jl 3 jALJI £JL l_->- <jSJj • 4L»HI 

.4__ljjJI 2 >__ J}U. 4jVU (^juwJ l_JLla ,jiUj _*-}-*-__» UjJUj <^ijjJ 

<j_u}Uj 4_w«j..--Vi <-_> J4I0J 4-uJjjJI 2j_L_JI 4j1jj -Uj <-*-u_JI jLusj 

JLit jj_j i^Ajl* jj- US" .jlM L__* .«JujJI 4J^*iijt*ly 4ijJUj_^ 
(__LJ j-a_M 4-jIju oU^ljJLl jrt tj c_*_jjj .(j_jji.Vl 4 n.rtt l <j__« 

«jjjJbtll» 4_u£ Jjjmi^U; C.nintj i4jjL___JLlj jL» — -Ut ijjj-» U < > - < - ~ > - 
J_____j ,j--jJj i(jiJJjjJI 4£ji__j <rj$]__« __1) Sjl — <-_• 4_J_£ Uj___>t<-ltl 

(Jiuj *4__4x*»JI oISIjl__JI (jn t; ^lStj .J-jJJ 0 L__S__»I SjL-iyi 
Ij-ul? jLLcI (jgjJI djjjjj ^JI 4jjt cjljLjj ^L__u»tj i( jjji-Vl ^j»1 — u-Jt 
i*4-"j - 4-j.ft.lt tl ^jybljjJI j -jjAJI (j__u jjjl__kJ (jjuw^ c--JI c-il-rtni^l 
US* a j- ^t*t'**jj j< j_tt jlb ^yk. LU juj Lvjju_ 3j nir 4jjI_JI ^ j-lj 
td j^uj) ^ 4JSJJLI 4__o_»»JI CjLUJ J_-t 4, f LJI ^4^1^ j__-o* 
j__ulj <3-)jJU jj£. 4\j^Ljj CjIjJLS (jjC J^^ (jLj--^U 1 n mi<j 

(L__dL UUf> (juiJj) L^jUajj JCi («^ujJ 4iujJo 5j — ^i-C 4juIjJI ^ jAj 
Jjj_»t jLSLul 4jl jja (oiijJI (jJLc j ♦ 4JxLw JSL^ ^jJLc ckjj. 4jlL2 U J-V. 

J___u <jj_*j». ^tU" .1.1 j .<j->J^ JjJjj ti^t jU^y^ W-*^ o^? (*J 
t_>L_Lv j__>Uj» (>*j_> I jl- djUoj j niij (jt Jjj— u_CU jJjMS oVL__»l 
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fUJI Jtj t 4j_U-J| 4__UjT SjjSL JUJ U* - *j__>_,j ^ 4_jS_UI 4 jt.^ll 

<j-uJI ^-J* d Jukj) j^jJI ^yO 3j ____ 4^jLuJI J& JjJ . ..<U Ulnj 1 1847 

t>"J-i tiu*" *J^1 <**U- U^i J^>t *(*\>. 1 lVtj< . w) 2u*L»tj JLs^jJMJ 4jJ>UJI 
£JUj_caj£ 4jt>>LatJ Jj^cjJlj L$i- ^itJl Jj_» lyj^p 4j_CJj *l_*Ij1__ JjjAj SjJ. 
4_**UJI ^j .(^pii^ 4_jl-U J\ J2jj1 ^jL^Lu VjT l_<__-o) 
'(lA^ 4 J '" IjjJI »j--Jt 4jL$_ ciJJjj *<jjj-j L*j> <j-/jJ 4-*jJL_J1 

Ijjujj j_" Jj j , ., < U jj l_a».j . 1854 j*l — -Jl <___» ^jjj-*^ <y_ -j Vij 

< 1856 j»L«JI <____* _JL_> <____* 4jf j-tc. «^iijp» J Mj-*j ^jlco! jl__» lj-^iu 

-(jJOjjt (_-_» £-jJj-> Jl£L_jjL <-_! 4j«j.UU 4A...lftU I jl__-l £J— of (jrj--. 

Jd j> ' "^ U UL__ ^l Sj-t-*.jJt oj "mll oji_ (j! Sjl iVL j JJJi^J 

(j_-U-_ 1-JjJ_ jj-JJ ___J u n<j L-j 4JjjJU — _— '^JUj j <ij<t J jaj^ 
t^aJtj 'c^jjJJI jU^yi 4jjj__ (j__ £jjj jj*-*J t jjjUj J—tJ l — «Jfc__-T - 
£-—_ J Ua «£j_Uj» (j! (j — — -«J 2 jjJUbjs 4_j — __UuT Lil jjt <jT ' ^ < 4_j£) (j\J 
-Uj JjLj)? 4j<,.nM^I 4JJJJ.UI j) 4^V- S jjK LljJl jj___u L^iL orydl 
(jljJ^I £j_Uj — «J3-J i^ahsoM (jl J — 11 ^ j JjJL» (j_t jj 4 rth^» fl ^kl — wAT 
(jtjjju 4_*4>j _*_*j 4-5 jj (^-jL-Jlj <(Jj-UI (jj/tj <j'jJ J U^**^ 1 6'^*.' 

J_«i — _• jj*_ Jc r.^.o jt (_-lHj .«(^bljl-S JL-C t£j_5JI -Ujiai-. <j r » 

( 4i»t — ___&| j_jjj ^jJI ^j-LJI j_* ^£j 4j ...jUULoj^-CJI (j__ «JjjjjUI j_. 

Jj>---?U Jj^. OjI_T JL_Jj . JUu U-}_) 4jL__IjJJ (j_jUi.Vt jjst_v J1*J (^-jJt J 

(VUloljJL--__JI JjU ^TUjjJo^IjJ^jIJI jl_--_vyt JL*-^ 

SjjLswT jjj-_> JjjJo (j_--_ cdJij *4jjU jj-uo J-vC 4^jjJ__J ^U-miSM 

j-c__i^lj j-4-vVl) 4^1-|Vfl OLtJ-J_4 C_Jjtj J>U. (jj- U>J5-__U (*JJ (jjiJI 

jUJ-JI ^ fj±£uA\ f L___UJ (j-,L-__Vl L-_uT I jla J!Ujj '.(tiuj^lj 
(^iJI cjL*jL1_JI ^ -dJj^j (j -j_JI l-jj ,.,UH ^jjJI oL__iLij (jjUI 

.(jjUI JJ-hJI OLjL-U ^L_3U Vi I i,Q 

(_-£ 4j__xU (J--.4J- W ^-Jjj Jjji) ( 1856 JjjjT 2 ^-jj Jjj u,£U jjT (j3jjj 
^jjj 1858 ^UJI J& 4jt JLUj «4JjjL Sj-LoJ IjLp^j J^^4__0j.(j-_jjjjt 
l_-*-b^Jj .Oljloi i ii 1 Oj-SH CJL_J 4 4aJSJl JLl»__ JLbl jljJJ tjJjU (jJjjLSLl 
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HfalffcjU 


. 4jjlC Cj^LscjJ <_Jj_t ^yjS Jjjj-»**lI SjLC.1 uu^ cAaa (j^jJ-** (j^Jj * VUtI©t 

cjjl*-!! 1 1860 ^ LJI ^ ^Jj ^ cjI j j_t_ L*jt c_*Ljt 21^1 jJI 

£J-uaJ — _u UL SljiJI *Mi* — J»j) (jJJjjt ^ ^jJj^ £A gjJj_* JLC — i-uJjLo 

(__Jj 4>.Lej 3jLijL>J| Sj >jll 3 . » i .ijJU Cxjl_vj -((jJJ jjt 4ju»L>. Jju L*j_» 

t_JJ_>Vl J-& Jjj i XLa (jt ^jJJ tjJajj i^iA-LjJoJI SnmlrtU J___3*> Jl>Ij jb _ut 

<<^ljljLe JL>. <jj| 4jtcj*jLuaj (jjjJlj) ^jJj^j^Ju^^ aLaj^I 4_j — __iJL 

.^jlSUI oJj^j ^jl <lI ju V (jL*L>.VI j-uti I j-$J (j-o ^J ob 

(jjfi 4jjJ_j <LuiIjj jA (jjjjjt (__3 (Jjj-i-u^L» <>j_>j I J-«J- ^jjSIj ^jbt jjlS* JulJj 

*>jjj___JL %^Jja ujLoLkJI oju» (jl c-Jit 4( jLwj t_<£jSLII oLoL>. 4«jiU 

JS* ( «Cj1j>Jj»JIJI» 3j jt ir->1l jL^^I jt Sj_u\-__JI CjL»j — ut>Jl (jj» JJJ-» <*S* (j-« 

^l JU*_>V1 ot 

jjujj . LIju^ l +.ju ^jjijjj i__S*j_*JI Jj>> 4£*j— ^ji 
_dJj iiAjjJJ 4_*j*>lJI cjU, ,„^11 (j_« jJiSJJ ^LjjJI 4*JUI o1 

^LjJaJJI (__-* 4jUL$-_uj jLjo*S/ ^jjjjJaJI Jjj u-*»La ^ (__Lc CjJLC.L-> 

JUct ^ylt 4_;>L1_>1 tjt i-Sjjuj l( jj| uJI Jj^oJI ^ LkLtj^j ^jjJI 4jSj_>J1 

C~ uijt LajJLc, 4jt j-jJL jjJL>j .lAtju ^aUIaIjIM l^jJI jj* (jjijjjM-* 

<J-°J^ (jjJj J»0 **J-*JI CjLS1>. (jc 4jjLo I JJ— ~o *Ll*_JI CjI.-lm ? ^ 
(jl jJ^I 4jjjAj Jjjjj-U 4_l1_ _J j <_9 C-*ji__1 <( jjj .l.ttl (jj_l j->l jt 

Ci\ n»jtj - Jjj uiS*U Ijjj Luj ^jjJI tSjjJLuaJI jL»2»Vl (jjt jj-ua-i UjLjjjjJ 

L»-t3 (_£jJ ui LoS') j-i>.T JjJj I JLAj * JJjIjJI CjL>Jj4 (j\jjJo (j£. jjjusJI L,— *uJj 

. JjjjjiS*La 4j Ljj (Jlaj 


^>yukLuU q£, Ub*\Si\ Jj>uiSU dJ (>^a>. ^jjlaj 

(jjo (^jLc C-t-trw t jjl)j1f ^jjj ^jjjjjt (jya 2jjjiLl4 4lL>.jjj Jjj ( «i^Lc jLc 

^JlSTlU 2L>>L*L4 4ju»jjiJI J 9kjJ Lljj 1 11 ^yJi ui 4jSJj «i£jJl>JL) 4jLu31 4jjj 

^jJ jS* jjLLS* ^ >i.LLaJI j 4jJujJaJ1 4 n 1 n1rt*1 jlj utt < « trt\a JjLuJ <-J,!ia, ! t 

4jjJeajJ1 (j£. |«jj£1aJI 4JUj2 ciJLut (jV«S*tj . JjloJL < nr>)U (^ic Jj-a>.j (jJLtJ 

<_u uiJ 1 4 j 1 r> ) a (jwa 4JLdj uiV1 jJ^jjal 4ji , \ n i4j L u-Ja jJjLa jj^$J I 

4 uitj ^jJajual 4jjSjjoj (j*LjjisaJ1 ^ tfj_i ui ^Lut 4jt liLtj 4j3Cjuo Jj4 Icl 
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ijjotj <Lf <jVl <J»j_j) c^j^ erysipelas 5j«J1 

jjj_-l fAj^ 4~*lj_fj (Streptococcal 4jj_*]| oIjjSUL ^jjul 4*^ 

4jjJ| o,!* SaA 6 f ^ ^ _1L_,j . 4>.jJ| JU 2U1 j*j| ^JL jj«_.j ,^j 
* I_jU 4l>L_-f ^l ^jjujjl 4jjL 4j_Pj„ jj£j Luj 
4jU JU» oljJ__, j__^J1 ^jUs 5ja j^ ^uL*!! Jjj___(U jUiJ J_ 
^ JJ-__*>i f Ldj lJl__£| <jf J^j .^U jli J0fi JjiJI J^jJ^ 4_*L_*1 

J>L* Sjlj^Jt «jL^ iijjjU <j-u U-L, I jliUs j__. £__,_!! <jj_JI oUuuj! 
*-* J^ 1 * -^Lj^< 1*5*1 U-— 3 ^l _»Uj Vl Oruj ^ ^ 

*A^JM^^jj^jj^J^|j3j 4 4£U^jJ^Lg j^L^^d^joUljjJI 
Jjjj_?L J_*jj\^| Ua^ UL^Ij.^j^^j:^^^^ JSUj 
^jS J-uj 4jIjUI 5 jjj__i LJ jju3 2j!S_ ^ ^> ...j ^ 
JSSLy Jj-_-<^jjjj^I*_L1jjJI <_>UL-i j^ s. ...^ i^Hj.t^gj) 
jV dii j jji^ uj^ J^I ^ tjr^jj^t 1 jj* 4j1 j£ <j? jiL . ,L__JI 

***~T J*l <uj1j_* <j_ Jjj_£U ^ Uj—uo. li^jij^l Cj1jj__J| *^ 

: 1864 ^LJI <yj t_^j «bjL*, U <J__i ^l 4^L,J| cjVjLXI {ja 
JoUlt <^jj 4 j„1»J| 3 ~ : -~M 
J--* 1 <>j *-t~« jj^o ^ <4___^| Jj___Jl 

J-JC. J^J-CJ ^ij^L ,:|j^ « UJ_ 4jj1 , <u« UjLj_L L^jJj 
jT ^Ll^l J-^t ^ <>« ^UI 4__*|jj J j 

(*) . A , 

«-^AU < l£>«J JJ^JJ O jjj_> ^ OJu 

(U*!! JjLj £4 j| .i3U*?1 Jjj__„U 4j_T U JJUU I J^J*Jj 

l*ji»lj I jj ((JiH Si*JI oj-SJI (quantum Theory ^l jSJl a^jJ^ SU,U) 

JjJ^J 4jjU^ l^jj^^l 4^jjVJ| jUU&lj CjIjj^I (jl jSTls j^( 

CiUU j V) ^ U Lulj^ cjIjjlS jjUu j^? oULj^j ^ djjb*j U Sjj^» 
^U&cili-u ^ L^jju cijjli ^ 4j! ja 4JjS C ,U- ,„•, U J£ o Ij ( LJ LiJ 

j|f .1^1 45L~f ifaJL: Ij^ ( 1864 r l*J| ^ JJJ_^U VS ^JJI d^JI (#) 

T)» Scientific Papers of J.Clerk Maxwell «J^U aSj^ ^ 


^t jt) ^Cu-i 1 J^ ' >- ^ '«U^J» L£1_j 

<jt (j-UU (j- OJ^ JLH .-SjjJ- V 5, 

jj-^u- (j_Jj * 5 >ALtJl jj_-_ 4__i_« __Uj ^J- 1 * f 

jUj t oL__L»JI _J_. L...M,b l«__- olj^-JI _Jl J_-j_- *U ^ J-J 
Ir^» ^ >LJ- J _1j .S_Jl*_« -jW^I» #1jJ 3j_---Jl 4jL*____1 4^_j_ 
SUjJll .JjUh'11 ...j *j-i_l <j| L_j_ v l>-» (> (^J- 1 1> ^ J-n l_j-_- 
_:>t __jjj_ ^ 4jI_ t ( v t <> ^ 9 ^) ^ <e* 

^.U.-. ■ V j . Li__ ^ jjj J _> Ula <4-j- J oU_a_- t y* JUuj 

OijSu 4_±_- _-jj-- 4ii ___. jj__ Ui 'J-"-' ui 

<jj>_-j-1 <jj--l '■^ 1 O^" J--»- 3 *<*^ J- 4 ^ 

U 1-l<j--uJl ^ylUU |j^.Sj__-l~_u-»jJ <^_- L__-L_J (jt<j_-^L-_jt 

4jUV1j *Big bang «<<wJ-_J1 jU_j_U U _jjj_*j 4_o_>. <j~jt c__ 

ji 4]_l_JI 5 j__JI J.. ,«M LbJLit <j*J ^jJI JjJjJI <jt <-_» tf J— i_ 4l__iJI 

(f*__Ji jU__ vi) * «K 3 SjU aju <> jj__- ^ jjt >j_*l___ u_ jjSJi 

jU__'-1 _-jJ_-J <j_jt (jr^J- ^l lj^> t_--»J .4iui (jjoij 13 (^lj* j_- 

^iyj. <£,t_j_ u___i A5*a ( J--*- 'O^yi 6* «J 1 ^ 'C^ 1 

_;jl_ j_J1 v ^t i |juk _jj__L_ _i . jL__1jj <jt J** oj—--» ^bj^ 

jU__ -1 <j_U <<Jj Jukl — it ,*J .(iJliA 4jL (>jt ^ (>J itiJ^» 41_^J.J 

j_l__Vi ai, ,„jji ja f^_-.i jU__vi jtjj*j <j£Jj »(^--1 
Sjj__J1 -l_ ot h^- VjJL • (jr-^UI ^> (jj-JI u^- jj--- 
Jl^j . (#) LjojI ots' tPM ^LjJI oLLu-JI j 2UU1 oU_>.>U1 J-- 2 
^^^l ^O-JI J-_j o*jj Jjjj-JI ei-^ lM L-»-" * j-> 
"( ij - ^'.j U1 j_ ^l *Ll_.-VI Y u J-— ^ '^ 1 *^ ^ ^ 
,U_t £4 ^UI (> (-i*xj < J-Luj ^l) uj-Ji j-it _4 V>-»J 

l^XJj . j_,L_- J*Uj 4™^ (T iU_l opi -UjJ jt W%iJ ^ 

,Jl_j ._jVjU1 (> 4J^I_ 2UJ_J1 lUa-^JI ol- fO a«J ( .4_i_»JI C__aJ 

. Jjj__»U 4JJ J__ jj (jjJI ^l f<--Jt cr- <-^UU 

OjS. U._ !,__ ^j-j y_l oLJUjJI ^ (> * L- >Aj , jl_i_>U _J_ -J L__j (*) 

JJj ojJ 0" J-* 1 ^ -Ui J 3 -» 
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j__» jlji*J <-_)L*jf 4jujI j_a idj^jst* 1862j 1861 jryjLJI J*)L>. j-u-ij 
L^iSJj CjUIjjJI Sjjjlo ^,i>"nn Jljj V C»_l_> ^-jJIj u<4_uLjj_iIt (^jjaJI .U jU-L 
cibi .<-3jjJ-JI 0 JJk Jl« ^ oL>jXI jL___u1 4_uLj_C jjj*f jrU j-<j <(j^ jju 

jf Jjj___bU j!jj . Ja___jJI (j-alj^ (__!__ L-_ijj_u ^ljJJ J*1 ojuk 4_»j_>. 4il j-_ui jf 
4w»jjUI <j_-ljiJl jj^ljj JL* cj__aJ| 2-Cj___j CjL>jJ,1 J_uj jt 4jL£ j-« J_ll_jJ1 

l_J <^L*jjj . 3 j , « nU L-Ulj «jLjjjSlll viJ|jjT i_sjjjl« ja U-w-Jjl uul <___* 

4jUj* 0*1 ^_ jA 4jU_£ J^U L_eL___£VI I j^J 4j1ajJL »jj- A £>u»JJ 
^Sll CjUKJI l_-_->J lL_> ^jj cjiL__uSVI -U«Jkf jSjj t-j* 1 1862 j-L-jJI 
4j^jjCLuiXI oL>j_*_J1 jj*j jjuaJI jl £__Ji_J -^iU" m'» U IjjU» : Jj__j 

♦ «S jirntn l lU lj 4ojj^_J| jj*|jJ_J| 4ic jA ^jJI 4j__j J__ujJJ 

^iHjhl ii «jjjj&jM olj___-_»Yl jj__a jv* S * Ju-Jl 

4jl_LaL jl J_»-j (____>. 4_jjJ-_J (^LjJI u_jL»JI Jjj__£L -jjul j| U 
4jJ__l — uij . Lla (j^jJuill J--J — «jjjJIj CjUI jjJI j_a 4_uj<Ca j c ^^iitlll 

Cy* £j-a j! jj— *j*j j£Jj <-jVjL__U 4£L_o JLc 4___^Ljj\i__il Sjj______J1 

4_uljJ_i__a4_u_J £_l_>1jJ1 jjoLuJI IjLjj - L_*JL>.j a^.. Jj u f 1 j".Ah,^ 
4jjT 4 h u t > . 4JL_l__j <__!__ 5Jl4j-js (_-J__j-_jJ1 jjj--jlJI CjI_u1jJj__* jj- 4j*_*-__> 
(_->jl>. jCiij jjj jja L&jlkaj 3 i^^Lui Lajljvj ' 1^'Ctj .,U jt.,.lt 

jlj-c c_>_; 4i*j Jjj____X- j—Aj .1864 ^UJI (^j.4JLs_uJI ajljj jjia 

(jSloj U JST (j^nr-L ^jJlj t« u ,,nU ' l»a jj-g£Jl JUJ.I (j-v ^Luj 4jjJ-j» 

f j' <j-« ^j-**- c^-a jrj M<j I . .M-JI 4j mhULU Ij ^Lj^SLtl 4jjS 
JijLn 1&2*a J^ ui • Jij-^U l-VjL« («uUj j j 4 ! LU SlsjjjUIj ( l-VjL« 
I jlc Uj> *cjVjLJ.I * juk ^IjJ*____.L L$U (jSUj 5^. ..^U l:;!^ ^Lju^SJL 
M^- j-3jj o ^jUJI j-« Sjj^Ij ^j^jt^ jt Lw .^UMj-JI j^IjUJI (j__*j 

U ^JJ U_uf Jjj-^U JL*A JL-3 ( 4n,nUI;UI j 4jjjjjSJ| Cj^^cUI £Jjjj>J 
4j»jj>. (__d jrtJjS J-p-jJ 4jj-Cal jjfcj ( Sjua JjV ^ljlj-5 4_JI ^Jl j| (3j-_ui 
JUe-4 LlILut ^x-of lj <.Aj <4j — ulJo! i»,I>lj ^LjjjSJI JL>-JJ U_u>. Sj_-|j 
Cr- c_JlfT C*ljL*_y I djub J_^ . u i.nULuUjj^JI JUtll jjfcj J-wlj 
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C&Aj .fLk*J1 ^UUJI <jjjjj c^l Ji3^ U J^ 1 ^ 

j ...a- Jj j ...< U c_V-L-« 1 j£j 4_u-UJI 6^ ^dP^i CP^H Opl** ^ 
£__l_JI <jj--JI '• >1 :*':""" ^U"» p-Ljj-lAJI JLm <_-_■ LJ c__?jj_*_« *<j — -* J-> 

*Lj-V-Jt <yi jL->jl <*J----f Jiw Jjj-^U jUuJ 0? v£> Vi • j— 
,aSL»SJ1 j< ,„tl <j_« Ijjl- jipoj . Lu^j-J' (jJj^ ^L-.-S j±a 

C.U>jJJ 4__j_>. ^ JUj jJI J *C >A .culi ^ o* l\*X\ J-M_ij M 

x, ....U ;;^ 4_u>£ c-jL-JI tj-A -k—jjjjj , ,H U ;i «jj-g-_JI 
^juk --jjUuj 3 U"j Jjj_^U Jj__jj . L^_^L^ >SUj 5j>l JJ 
<><jj.«c.1j.&t 4___j|jJ (jl^ ..^>i^U jlp-jJI .. .VI oJw^Ij-JkJI 

>a .«^^--N U_-i-M jjJ^ <<j--' (C 4^) vjL?--!1 J-*U <«-_->jJI 
.(Ijjl^ £*-_*! ^jJI) W-l- *>--JI ^j-- (^j L-U3 
*>--_J1 Ijl^ L^l <_r-- ^J— - J1 ^ 

*>__1 <jf £ m ...» ^ bji Ijj_--- Lu oJ oT jJ-Hi 
_U____1 >» Ujaij 2u__.HI 3 jlj-JI _J- U>) 431 j 

Sj>l__ ^-JA u ,,mUI;.«Jj-0-C <-j1jJ-M_»l J— A (OJ->j <ji 

<>>ii>__i Uflj cr . l MUi;;aj>^JI juutj-t-j. ,Vm _u>4 
. ( Ham,_Ul;.«j>£Jl 
Lj_. j| ^ji^l -jLcU^yt» ^Ji SjLi)/1 2L*a! Ua <jf lSj>.j 
5 J ...,U i-,;^^JI c.UjJt1 <>* ^ji-t J--t JUul e-ij Jjj-^U 
U (ybj - cHjJ.1 ^ Jj- J> ! -L^>* Jb- 1 

^ __f jSjJL jjj^j .Radio Waves 4^U_i)!l —U-jII j-j-JI 
^ij^ ^U^I *Lj-f-J1 (-_- cx>^t j-~ t-LJI (jjJLll _UiuU-i jiljT 
l^it ^jlj *cjL>.j11 ->jufc -j*.j cjj-CI v jU^; (1894 - 1857) j__3jaA 
j . ..< r,j jLp^Sj (j-dUJu ^>--JI (j% L^b '^j^JI ^-j^» J^ 

jtj ^l (>c Jjj-^U 2bjJaj V 1ju-> j-JJi (jU>» JU3 I j^Aj 

UjpU ^Layij 4«Jt 3jS qa U^J U jo-u cr-iH*-JI uL_aj-JIj _-V-UXI 
(^jS ^jj^ _J!>Ll«1 Jlc Lj^L-uu -_ 1j,l Jjj— ^U ^u-jj j-» JJS 

jJ-laII - Jjj^La (#) 
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Jj ,3___|j ;uu__. ^ __j*_N 0 f |j_|j_j ^ _ ^ _j__jJIj 3J_ jJI 

. __ j_*j U 3jj__ £j__ _j_ Ljx.L_4_j Construct <__*_ __> yu^ _j_*_, j_ 
jt) ,j__JI jL____l jj___J UL___ 0jS ^ gjuji ,__. J_« ^ ^ ^j 
___ jlj__:>U >L__ | j_^ jj___ _f (j_4 ^^^li^jj^ ^L__j 
l_^__i, 1 j,„jW L- U _b_* _,?__* ^l.ljU 4___5__| U j__c_Jj .4_i_jJ_ j_J 
.L___J_L_U VL^jO~Kj__i«l^^ 

4_L__I t \ _uj J.U, U) J^JI j|j____| __, _.>j_ 4_U_Jt L__L__ lib 

f_ U *U_I <__ Vjf ^j_-j jLu J__. j^L ___ ^^[^^ J_« ^ 
.(antenna system ^-Sljjk 2Uj__u jT Jjj__ ,*|| ,„ ^ ji._l _L*_VI _* 
O* *(jV-t -t-O-l t-U 3j_u__> CjUj„ J_,j_ _f ^dJju ,,- T __l_ 

LLuu ^3 6b <^b *=*k_JU <j___ (.CJ J____J _Jjj _J_T _jj y# 

jj~f _nj *Jjj____U _______ Ljuijj .4j oU.jXI <jj£_ Ijl . , j j 

a^jJoLiUlj a^SJI a^_____| oU.j*_II ,___. __» _JI _J .s jJS ^T 

_Jj a_____JL a__l_ Lljj <__ _j__ ,4j „,j_>-JUjj^_ 2Uj„ ___ a___l£U! 

a^_i_,uai oUjii uL_ a^_ij lu^s-i _u jxi _ t l___ j__i i.i_ - 
_i jici) a^jii jL__« _i___i _j_ _____ j__ j_^_ ____- ,5l__i D j_<_ 

___j .«iiUjil jjj_, _ui,i ^ j_____, j^. ^ juui _t (j^j| 

_>_. U__ _IjJ_L , lj-jii_ I j M , jUI; ,_ n VU_* »jjj___L _____ _ t __Lu |__> 

jL____ _ij__i ju a____ ^t jo_ 4_l_ i j^jj .__j^s_i juai 

urLH^ JW-« *^J--- cr- ^jJlj jjil, _ ^.jU|;y^ JL^a LuL 

_L__ Jl, ^jM-^-. jL_il _lj__l ____ cjUjJLI Ucj^o _j__jj . _|jJ_L 
.__u_VI jj___, L^j ^jiL, 4_U_ ____ 3j____ 4 (2L_L__I cjUj» jT) ^j__ 

a—u^uji jjU/L ^ ^jji) jjj____ru j_____i - ^jjjo-i jl_i1__ji <t . ...^ 

__- JJ_j ,4*^ 4_J_U SLpJ U Mf, , „n ^ljJU ^ (j__J| __, ^^LJIj 

-^i ^>L__ljil JjjI- j-i . UkJI 4_l_ j__T ^ ^j^L (_b JL__I 

tr- (j-Ji .«a^LUiiij ^Lj^sji _>_ 4ji___j» <ji j_u v __ __JU 
di J---J <>jj_. _>_ jj__i j . 1873 r L_ii ^jj^ 
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Uju_. , 1871 r U» £Ji>**£ Ji 43j^«1 u^J 'OihH* uMj ^ 
i^Ljjl&K J**j 4_ujj-*JI *L»>JtAU ili-uit J_$t <jj£» <jt ***UJI 
«t^l jj>j . ( *\Afo4K (j-Tjjj (liJb £)! ((># f*Vl jaj) <j-c >L_^ 
^ jJI J*Jtl 4_JU-v dJ>LJ Jjj-^Uj j-*-l . 1874 r UI 
jji*JI ^ju 4$jjl»J1 ^b^oAJI o-L-u-TlN JUuo jSj-« («-t 

^ ^j3j . 1879 r l_l JLu». u^>- <u ,Jt <j-Jj -M-» ^» 3-^' 
3L-j Lojl (jj>jl ^jJI <i>j-U I -* V - > "'J j*- 1 ' »-* o- 4 ^jj <>• l^^I 
^j r l_l I j-* JMi-j .(ULc 48) L--jt fVl j-- <^j ( (6^>-il) 
Jjt t*a» o-~-J» l*Ut ^ (Jjt 4JL.JW oj^ ^jL 14 ^jj 
.ctuAijT ojJ! t Ui_ *4*_l o-* • J_j-£L* oVjU aULill ^Luit JUj-u <>* 
jln ^ uji <> aj,.,jUi;i4jj^Jl (*JUj * u jsL_uo *c^*-^y^ ^Wb' ^ 

^ <jUju_ djJ c_j-j _!L_j .£JJJ-« 2j_-.Vl cJ-_>1 <jo- LiiJjj 
^JJ— (CJjJt ^tj^JjJ 3j— uit (j* 4JL 5j_.L_-_» £*) OjSLiw 4_C 

cJj-*u ^bljU cj_L__1 <jt £_»jj ju*. Jl_» 1 Iaj - ^uLjj^ jj_ 
L>Lu AJSJI 4^-11 <>* 2- ^JJI Jl^ .<JL~1 f1 J-_-VI JLsw -llj&j 

v^j3 i^. cJjjj <<j_i*- 200 cj_jVi jl»! <> Ui J^ u- M <Lkj~U 
. Jjj-Jt <j_ <^L_ U5b cJIi U~Jj *3jJLuJI joll ^ <^Lj«_11 jjJl 
t 4JUVl 4jSL^SJ1 4-L_Jt 4-_JL_ Jj3. o- 9 J-~-*l l^I ^ ^ 0^'j 

^UJI (> 4*J>*iJ IjJLuU^I J3J t 4JUVl ^J—uiJjt 4£jJuJ O - a -Uj n , Jwi ^ 

JU— i ^LSHI j JjJ^ ^jj--U 45jj o'j-^^1 ^-^3 • l 894 
^u, L^pbj j*J U^iSLl j juU (jjLJI (> U^j—^ cj j-ij d^p. *LJLLj) 
>aLj ^jJI iCjjJt I^jj L*it 3 Irtitl «jut^Lj^^o^j-C^lj^C 1 -^ 
.^U^l (»JjuJ1 f UoS Jiaj LuUt (> <wL3 J^J ij-*JI 6- s ^ 4^LiJ1 
J y. .... ja^ 1 3 L£> ^ ^O^^ ^ -^U^ SjSjs 4»jub (j£i ^Jj 
juijyj .libj^ jl>- jj ^jJI LJUt ^jJL. (wLJI ^Llaj *uS>L V jjSLiJI 

4jjSLuuJI 4_aJLkJI ^lc J*lAj (ijSLu^ tp-^LH ^^*^ f ^ 

(jC__oujT jjj (Ju^ £jj^>jj<-Sjju V (j^j .(jLlaJI ^ jo-^l 4_uj1j\J)/I 

«^jJilS ^JA J*^ 5j>_iJJLl iu^l JUcVi» tjuj^J ^ L_J*J Jij-^tij (*) 
. 1879 f -*][<> jjLu-JIj -The UnpublishedElectrical Writing of the Honorable Henry Cavendish 
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Sjl* 0*J 4_U__ 4__,jjJL1 «jL oLljjJI ^iuu Jl_l£j t4jji_]| 4_^,jjdl <>o 

^1j->4i< >*Vl jjj 4jf ^ji.! oL-jt jj juij ULu <4jjj_tl .->t,<jl ...t| ^ 
(jls* 4jL j^__iu oW *----l ^ J-^ Ljlj .<j->L>JI *juS__»j 

Jllaij S_t«_-UI ^ jj-^uj ,4Ul_ 4^|j fjML_J |,, tnf Ll ^k^l ^Ly 
-4 *(3J-^jJ| « -,3,3 A t ^j_-_J| LU 4_-tj.lj-jf) Sj-__VL J-Jjj 

^ ,__. jj) iuUVl 4____lj^ <j_ jjL_j . 1895 j.L-.l £__* Lill^l 
4_e J«_j t__jJI ,(4jj < , „tt t i.j£J| i^ii SjLp.jJ1 J J: .-t | 

jU_il Jj_ LJUcl»! £_Uj UlUI^o Jj_»f __j <___» Ulo ( Sj_^Vl 3 j , 

4-e U*jJji_-J t ij-_ J uj-Jt (.lljj-JI j^_tL JU^U Jj_J-jJI oUU_ut 
4 (The Eidgenossischo Technische Hochschule - ETH) ^jj-j) 

_)-__ *i-^4_4 4j*1c 4_*jJ n i tijT *__j - iuJc 2U. jj __tc Jj-_»J| **:C V 
J-Vt <>_ U_Jj <tJ j^_]| 4^UVl cUoUJI U~.u. ^l a^JJI cUjjJI 

<j-_-_ ,>»j-_-I cijJt (jl^ 1895 j_L__JI «Jljj^ _>j . l.u ^ u jj j *y 

-J>i 4-t <>_ >L___ IjlA <4U< |j^__i ^Ul j^UL j__UI «jL-lt _ 1 

W_- M** *JL_j tfj~ *4-jLj tjt ojju 4jjj_J1 4_,jjd1 

«ys JL-U jj Ijj-C J^>±> (>J t^jJI Iju- *lj| (j^j .oLu^LjJI ^ «GljjLi 
(_« UU cjjj .JUAi ^ju-^I U cA3 < J*UL 3L__JV1 oL__u1 

ljj_t J^_JI ^UJI L-_ J-uj ^jjjj V j_w jjl <__ -_j-_m,jj__ 4jjj_ 4__jJL« 
L^l l<__ J_u j^j . 1896 f LJI ^ UyjJj^lU ^j^aj^uJI ^ljjuiJI j^JLL 
^aJI ( jJluj -__jj 4_«jjai ju-c (j-Lui jj 4 4jLp. ol jiu, jl-_| (>4 oj_* 
S^t ^U__t (jru >« j^JI JljL CjJlUI ol_l ju_> (jj^ U_* *4_xIj _,!_ j^u, 
•(J^ C^^i? ^«"je L^l ^J^J^ C-wt UU C-wjj3j) jJtuJj 

(-e^ljj^ljol^ljjJt^ljjjj^L-^ j^_JLjjjl».j 

<jf J-Vl J^jj) 4JUJI ^ SLpJl ^tSu g-.n-, ,„| ^jj^ 

(>• (^J^I ju>JI j>Jtj t (^jJJ1 jj_ J_LJ| 4_« cJU* _LjU 

4_«ljjJlj S*lj_J1 (_d j_-_jlt1 jb_| 4 U-Lu 4a-Ld pU_ jl 4la <_ijikl1 J*jJ1 

uT^^^J^ 1 - 1 ^'^ <_U-> a_£o _-l3oj • <s _— -.l^jilt jj_4l£jL~ 

^mX\ (> 4-Jbj (_lc Jj-->Jlj ,4jjUJ| 4__LU_Ul S j-^L ^IH J__v*j 
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4jUUlal A2j2a*l\ J& *tfjt JlSJj .oUoUJt J* jt '«3li iij^i>^' 
^ ■ .■*!■■» <>1<J1 gjJJI cijW? o-il oSJj *1900 jJjj J± j:>3 ^Ub 

jU *\& U>.l> 4jjjJ o^i^- eiukjJ 5J3U&1 U*j 

^UIjj «JK J**U >*Vl 4j ^l oP-^ijT jt J* ^J 

1 1903 r Ull <> 1 £jj3 j£ <jl< * 1905 f L_*Jt ^ oh* c^* tib-^ 1 
jli JaLj) 1904 jjU 14 fiW jjJj* io>Ji jiU I ^ J^> *^J 
.(1910 jJjj 28 ^jj jjJjJLIj '^J^ 

,..:t l 4jjJoj ^ ^l—^l jj*^ *jjuaJI ^j—oi oLu £jJ»j* JUjj 

* j-*-j <i jJI cijJl JjU t-j * 1905 r Lil <> SjjAHIj c&x& 

& Ub 41,13 ,j^J1 4r. ^ ^L* jt j£Jj JJ j >Ijj <43j>kj 4j> 

O* C&J -^L^L. ^jLoJI o-a^l 4<jj>J jU*1 <jj-> 
ft ^Jl Ol .4j juLj ^ 4jU «4K I j*J 4jV" <>L (ji< <j]j *0[y^T 6* J^J 
Cj^U-^^jljjjiJa:! 4j! jJfc4j^LMl4^UA^(j^l^ 

0 <u, , frJ jj| 4x.j^i ^jl*j ^ jJl j 'C culS c^- c^UII J^Liuj . Jjj^U 
jL^^.C jjjl^^L^^j^^^m^^^UI 
Jj^U oVj>U* jljajj .*j~JI J\ jlaL_M1 4^ jLp*V1 

*1j^ *C ^jJJJ 5jl*Ij ^La ^ (jj 1 ^- ^ 

^ |jLJJU(j^J*l«jUj^l JJ-U« ^^^^^(jpjtt^L^.ljJ^t 
| JLA JiUJJ .(#J^I ^U^u lL—c-J 4jj1j ^t <>* cj^J^* jt) 'J^JI J^" 
.<jjjjj l<_ul<-w ^3 CiUj— uJI < nrLnl 4^jj1sj ^UI <>»JI 

4xj^j piim- ^ Jl JCUl t> e^UJI t> ^Ll^ ^ W 

^ 50 a^j^j ^Ul *UiVl ^ sjUu, lit Uju ^l_«Jl (> ^ 100 

fS 150 Ujjjj ^j-^ ^ v j3£> 4^jUJ1 5jU_«JI oP> '4AUJI J& 
^aYa\ AillaL* J>Vl SjUuJlj 50 ^j^j JjSt CJ^ 1 jb i4^UJI (> 

jj^j ^>^1 SjUJI (jUa (j-/^ 100 icj-^u <^ ^U3V1 ^j Sj-^U- 

(> 4jL (^ Jjj^U O^?^ (jSJj -o-/^ 50 4^j_uu V"JL 
2jLuJJ 4aiUJ1 jt 2LpsUVl ^jjUall (> 4jj^I ^jj^JI ^j^ <jU (jJUll ,>* 

^>Vl SjUuJI (jjU JJ 2UuuJL.j ^i awJb f 1j_^ .C UjU ^ ^>Vl 
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t|_fcJU.»— i 


V _T <j- er^j *(Ji>— 11 tr^ j-L_« ^t <Jl 4, ,„;IL 4^j_l»JI ^yaj) 

_VjUaj (jjjjj __t 4_?j_>J| ujjjlji <jl Uj-oIj jJuj ^p^jua^l j__j j_i 

t^j2__t 4ujJUJ1 <jt JjOjjj^ . L| j_ U__>K Oi^ <jt V Jjj__;U 
UU5 Llj_^ __j_d,4_(jt c _jj l^j 1905 !__•<> Ij^<j__, 

_j_j.4_wL_J| ^ JUJL>JI <_^MJI « J_j_____U 4jj]___j (j_u Uofl Sjj^-uWL 
(j-alj-Sl (^_»tj->J| 4jjjj ^JulSill jjx jJJ L___L, 4jj»jJaj _)__" (j-u_u| (jt 
4JUJI oj^ ^ J»Vl Jjl t( jjjjj <jtj M<>~ Lr- Jdi-^La <jt tff - JjjLJI 
• a^lSH 4jj__ 4^ ^ ^jj) Vl jA I __ (jt-Tj . t_i. J*. l_J_»U 

. Jjj__U <_j!j_- ^JLa j-uUJi,! 
*J_J1 _>A ^J>»J <j>_£jU l&Jj-*- 

oU * 1846 ^UJI jJLa jjjV| j»j_^ juj ^bljU SJjLt* ja ^jJI u u 

JJ^L» 4J Jl_U ^ 4 m.Aj Jjj_^U ^jj (jstj Uj , jjJJj <jt ^t j-j-j-UI 

(4jL_j ja jl>1j ^U JjS) 1878 fLJI ^LLjjJI 4__j___ji,1 LjujjJjSL^^I 

4juM fljJ__J J^U j^ jjjV! ^JJ 4j^UL ^jVl 4_tj_ ^UJ 4^ £j___| 

J^ JLuijjjjrtJjl 

*>— ^L-— <J— <jr— ^LH?^ Jj»j — ^J . 4jj_stlll jjjl * j_» 
« ?iU"Vt (jb *U_-«Lh» OpU 4_sL_u4 ^ Jj__J1 4_1_ (j_- O^LJI (j^L__JI 
j-__ L_lj_l ^t) *L___I| jj__ Jajty 4^jjv ,U_| <___ LljJLl ^ 4____ j*** 
Jjuj .JjVl 4x51* L_j|j3 £^J<> 4jjIMI icj^m Ukuaj jtj *(j— jjV) 

U^j U» U^jjU^I (jSU* 4j 4_u»UJ1 Ll jJLI ^ jrj^UuJI (> J£ 3>ll:i 
* Ijj-uiij 4_3L_-tl Cry_- U miT I ^ J-C^j^c^^4jj-a--JI cu^t Ijjj t( j>UI jCb 

0g ttkj** U^J ^ 4J.LJLI (jUU^j,» t jjjV1 j-4-_ ^jk» jVl 4«?j_>. U^jU 
J__UI 4jj_>_: <y. _jl>. U JjU4 JiU i_jjJL>. ^jj__j U-4 ( (jL_aj__auj V 
JU* jjUI I j- ^jMJI 4j3jJL 4_j_*jJ| 0 jub Jl- *| jj».} (jSJj .Jjjjil 

- lSSajjj^^^UCij-Jt^^a^l ,L>-uiJI ^JU 4j U jAj ( L_j JLs«o 

Ja j-Jj^Ja okh^ J*" J—j j--' U-lu) Vjt ,jl>.j j_«Vl ^-Jjj ( (1931 
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^ (1923 - 1838) ^ jjIjj) jjUJL o ^ (1881 ^ 
«j! t> JJj V jt ^jJI <>. ^ju-u^ ^Lj iU-aa^j . 1887 f LJ1 jjUj! 

Lu.lS U^j tfj*t SjLju JU jl - j-uVL L$J 4ii>U 4*JJ «Jj*Ii <>jVl 

Lljj &a L>u,L£ jO^ j! (jiaj^l «UjI ^ ^lj^* Sj^Ij Ljj! I jj>jj *>uaJI 
.oUL^ttl J* <ya Sjl-*I j *^-J1 <ya UjJ .,>jVI #Ual <-^j£ 

>, jrthS-a cASj! ^ *Jj*jJI li^ Oj J jW^! JdJ^ cr^l '-^J 

oLaj! Jz iilJ ^ j*jJ1 Lj^tj <(<> jVl ubj^- 1 yjj o-j) J 1 -^ 1 

ajuyi i( u „< Ati jj>. <>jVi jIju J* W a - L -" JI lv 

.jrt^UAJI jrU (_j1 jWbl j! J^IjG V - UjU SjjJj 
IjIj^ JU£. . U Jl» * jjuiJI o^-^ ' H < lS^' tU j — u . Kj U(j£Jj 

Lpl j f jjiaJI <Lc j— u» <j*Lj£J Jj^lj J^ait MjW^ * Wl5 (*i*LuaJ £u»J ^JJ 

t »ji^ll<uljLftJI <cj-uJ1 (j-iLjS L^jla ^jSLj <<J ^ jj^» - (Jj^uaKjU ^jj^J oi M) 

^U—ii jrU (Jjtjja O*- JL*N 3 »jjtr>l L$j! ^yJJ IjJaj 

<>• ^jl^ *u jj-w U 1907 jbUlt Jjjj SjjU ^-J^ J-»*-j i(*j— *^JI 
jjM.KjU jl^ jjjj .*jji*Ji o*. ajjUj >* uu; o^j ob 

^jj^JI J** UjJa * 1926 f»UJI .j-**JI «>• L***»^ j ^lill ^JiP 
jjlx j . Lo jjijJl^ J& Cr^- crh» cry^UCSI <ys 4iL^c j| ji^l ^ic iJj^i 
j,j2u J^t ^ (3_u«j U j^j 4U - 4 - /+ 299.796 UiL ^j-^JI 
e ( JJ '^i>^^ ULiJI ^jj^.^^/^ 299.792.458 0 j_aj <±uj^ 

U j-Aj ijtjjlJI 4^j-lJ (juLua£ LjL^jj bjL*jfl^ui»t d^JLaJI ^jJI j! JUJl 

oLuiLaJl oj-A Js> I jlijl>J j^yJLUI jJb ^jLuJLl jltt Jjl» <j! cr^; 
U^jUJ ^Stu uL^jj Uaj^ u-^ l^jj-J O j ' "^j Li *y 
^jj^. ^jjJ jj)/t ^Lj-uJlj oLu^LjjJI ^JU jUI ^Ja j^jli ^UJIj Sjj^JI 
t( jL^ gjj^ ^ ^ & < 1901 - 1851 ) j^1j->1j> 
oVjUa IjjJwI (>• JjIj! >« Ij^Ij jJlj^jLuil ^ b j " ' ^' (*^J 

<Ly>M,'i L^ ^jo^j^ ^ Jililj <j^JI l^U(j j ,»Kj U 
jT^l jJ1j^3^c^jj.4jjUJ yij^^j^cJj^dUsj^li-^W 

LlwM» MjJuU Ji-Jli <jt tO^ «^JJI ^ O-LOJI £^u=i . JiJt ijj^ ,*Jl£. t> (JJ»JJ (♦) 

300^000 JiajJb ^j-uJI Itj^ <jj£ t* •^ 1 *** -^ 11 ^ 
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^jhS^ 5^^.^ o—L-S ^ j^^» — — ^^aSLiLa ^Jj^i (J—^S^ 

J& ^J$\ 4_>* <___Jj 4, . . JJLjl^Jt L^JJ 4*_j a dr t| tx:t l 
c> ^ J* ui-^ilj <-jj_v L I jj *j_u_-*-_ {£aj Uij <*L---JI 

- **>*-M 'LJI e*-* J£-- jJUu (t>jVl «-«Sj-" JS 4-u-*>Jt 

4ajjj cJoc! ijj^lJI ^j! ^|j ^ Luu^tj <lju 4jL-»w (jSLjj 41^^ ^ 
nt.cuJ J^lo^ JIAj l^jj 1$ n . m gjSLgJI jl j£jJL jJJL^j.^Jjiu^ 

<(1928- 1853)^4^^^! ,L^| ^Uj^^bJI ^i 

^S^-O^j) JU^I^jJCJ^d^S^lj^j^jLj^ J^^jJI 
4jjL_.j 4*jjj LL--, ^jj ^jJI t jJlj^j-Ja Slij Jbu U JCUI aj^c rf J__i_ 
4_jj__T| __»} J__j_J| ytjjl £L__L_,|j . ( JUJL_J| jL^ 1 nn Sjudl 4^ j_L 

l-jj • 1904 f U)| JjjjjJ jl__ Jj___M oV_L. ^L 0 Vl LU 4_jjj_;I 3_j_UI 
^jj^, c^__l ^LSLiYI Sj^Lk (jpa <<-ptjj--l 5 j s : - ^ 1 <j^ l: j' ^ " 
.Lorentz -Fitzgerald Contraction jJI j^j_y_ - jiijjJ ^iLSL^I ^L 

*i>--- JL___,I L JS___u 4jt_j _L_JI |j_, jjj___UI^!^jj*j 

<J* fc^J *j! jA 4_*_ L JS" «j! ju_j Lw t (j*___jT Ju_. 4__LJ| 

tijJI <j_L_-VI £j__ ol .j-^jll iij-- <j_. LL3 jl__uu | j_. _J j_u ._;j__*jf 

(ClljjJI) Ljjj^ 4jj-__JJ Sjj-UI ^ Ljm^I I^^^^jjJj jj| j_wj_j_ ^j^ 

<j-uJ - 4_j_»J1 < , , ,«j L4I0 ljjljJI Sj__ _j_|j LIS" L» j__M_j SjL_* ,___ 
*b>$_JI <>_ t^bljLe cjL_L____:1 <jL jJJI ^ ( LUi 4jjuJ__ j_j_j 4jjj£ 3 
4j_-U <>~ <jp__Lj d&j • ---- U-! 6^1 ^uj^j-*JL3j- _u 4j___^L_dlj 
oV_L__ jT 41^ JL i_-«|JLI 4jjjVl ^.Ul l-JL L-^tj 4,1 jl, jLU ^! 

(jj| dJJj ^ *LL (jOALTji^jjj 4f j__JJ 3 Jj--Uj » J_-| j 4_;j_^ JJL>J Jjj-uSL 

•U-*JI ^jj^» 6b 'J^jjJ ^ Jj*-JI oV,Lx ^ Ui>Lj jjLt-13 c_V_l_jl- 
•S-lljil t-Jj 4j---JL ^^u-sJI 4_j-- jL-jI (___ ^i^SLu 431 j ja j»j_v _u \. 
JI «l^L. 4-jj^I oLL_uJI (^_Ljj jj) (jLjJI jjl^ Lu-j! j_V-UI l--__jj 
Jl-Uv3j . 4-j-*iXI r L-*^l 4_£ ^ 3 jLj ^ (culS t-AI 4 & jJI (jwojJt 
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•^rj j* Jal icj_ uij di jj*jJI J± Ijlu f>— uo> lS 1 $ ^»^1 ^L^* 
i*. - 0* j*1 (^i **J--- ^ 0* ^ V <J-^ 

4*j_u, 4j*j_u- jj& jt J u V jt ^ 

a^>iuit jUa oj£ cpJi ^>LJi ^j-Ji ^i 2 

.E= mC2 <<m*JI CjV.>Ui jj>£t JluS U£ .ailaJlj 4jj£JI j*K3 j* cJui£ 

^ji^l SLuAuAM 4*^J1 ol ^U c^l 0UL2JI ^ J£ jSJj 
<Gt ^ JLcj— oU J\ ttL*Vb ^UJ! 4jjJajlJ SJ^udl 

jU»y jj^j V jt jrtj^jj^T^tjj-**^ ^ 1 * ^J 2 '* 

4j JLA <>l jt <j^ «J 1 ^" ^ ~ U3-&1 cr - *^^ 

^J-* L^ jtj <4jjJ^1JI <^J *U LuS> j^j) 4 n ,„') 4^ J£ .4^*JI 
^jjU 4^ jt J UJ^ 4jjuU ^jj jt 4j £jL_uuJ V 

Sjuia Uj! «Wi-» 4jjJ*jJI j— 4JJUJ *L***>*1 

^ jj . jLjcVI Om,hJ ^jL-^t ^U. ia* 4j^>U 4JU - tj-u^ 

>Vi ,iji ^ J£ c^-H v^jjl, 4jjIj oUj_^ ^ ca*>*2ii t?u» Wi 

^jLiuJLj U j n - f*J (inertial observers ^l jJI jju^2JL <jj^l>*) 
,^A\ 2Ll^iULj 4^jj>. J£ 1j^2j jtj '^l^ cr^ f*pi Jj^l 
jt ^iiu U J*J j-U o^j J^ l> J*S_^jj 

a. ...•■t u OJ £ >b 2UJj*JL1 WjJLl j— LVl urJ-^UI 
t oU^>UI 4jjL1« Jl^ vjW^1 (J* 5jl *'j ^?^i OJ 1 ^^ (cA-*^ 1 
UJ «^Ui Jliu .oLU.VI ciil: Jjj^JI 4j^ o^—^ 'j^l ois 

p>ua J| ^juu» Cy> 1 j-u^ LuLk Jl^ 4£:j^j jHali 9 L^ 4ma m , c-^ljl 
O-ojJlj^ jJL^^j^^jj^olji-^j— uUL ^ % J^^J\<&Z* 

suLuUi. oUL_uj L^joijj^j—iit (>> js!4i*jji ^uiy c^j^ii ^i 

U V ^JJjJ t*Jji*JI 4AJ-U- <>» ^L f L^iJI 4 nn , „ jlJali a T jjj ^L^JI 

,L**il 2LLu^ ^i 4j_uJJb j-Vl jjujj aSj*UI oLL_JI 

^ULm oi OjJjij ^^J i4jj^! MjjJI 43li 02jJI oij*L-u-1 4l*jJ1 u t 
^LJaAJI jV Oj .^1 fupU.j jb '^l J J-^ ^ U^ 1 » J** 3 
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|-J*-JJI JSU 3 nmiH 4__j_>J| J-___aj (j*l*--il JlulJI ^iaJLII (j_jj LiA (j^ £_j1jJI 
jj jj .4__.L- Ltfj| I J-J^L j! (___J1 j *L____JI 4'rm t» jji rt JL-j jM» jjSJI 
^LiJI 4 w^i^ jfj _£__j_», (^lajJ «<— i» -_-a1jJ,1 4_cl — ui (jjj « I» <___1 j_« _£? jf 

oL-__l>j « t» t-iSljJLI <__)L_.L- jf <j;jj «(_>» -_-£1j_U jLia jjj w, ^ M <* t | /. t ;^ 

■.J oaJ j jt jjj <LLj [^inai 4jvjjJbj <LLj I j "■■*>'« «LijjJaJLj Ojj-J -< "Jj« 
*Ujj tU^ia J£ (JjjIj*- jL^>. jt — __j c_-JjjC. — 1*4 ia _£? 
. Llilj ______ *jj__J1 j_«j 4__ j_c*u J^ikij <*(___!_ (j\ jl _-jfc-j l_LA Jf» _,!__ 4_uj_U 

a quantum of light * j___JI ^l jS) Photon jj3j__JI jJ_J a_$_*.j c_-----_-.j 
^(S^yi^bijj^i^^liili <(13 J-^l^l, ^ln.o^ij 

(jjjJLs 150 L_>jJL_j t( jbjVl LjuSjSj (j.^M.tl jru 4JL_>L_J1 43 1 uJll jjju 

jjJj-U1 ^ic 4Jj*56j» 4__Lu, jV iljjiij *i^j -____-__»- ( -_iJL-_J IjLA jSJj 

>JJJU (jf 4j (jjjjiJI jfj < , Vi*t j) (jjJjjjJI jJ&j 44>.j (jwaj ,*lJ_*"l_____ jj<*i ... 

jjSL* (^jJtj 1 <i'ti (j ItrtM (j*bjVl <- t£j-t Ljjj (CiLiJ 4JLv u • 4jt_ij 4 ..^t 
4jl_S ^j (jwaj < j_____ __Jj ^moSLu (j*djVlj (jimuili (jo ft L____]1 j! jA < ,1 n.H 

J*>L_-J 4_y___Vl j^» jf ^■nU j .0JJJ-J (J>Uoyi (__lc. L_j jj t" i »j V £jj__» jj 
(4jjJaj CjIjjJj jf <4j1 jji (jw» oL^L__l__. *_M 4j_J jJlu L-4 jji _____ <j»jl--__ 

*.j_~ ,„1 __U j Jlla) SjJi_; dlj.4 jL*_JI L-^jjc_7 4_u_LJl a. : -:n 

U->L--1I 4_j_i < " f 1 1 rt j j (t J-J-J1 4j_,j_u/ C_jjI_3 C_cjL_j CjLj___»J 

'"""jl j 4jjJ__j L^l (^ c-u—uJI JA 1 JLAj .4jj __jJI CjLjLJI j-« JbJLC^-JI 

(j-ojJI Cj__jJU jj- Ci i i mJ jJkljJeJI tf_L_tt j! j<*itl«j "^J 'ji^ 1 '**/* 

cJl_T |j| V| C J___a V UiV ciU ij t 4_u>j_j| LjjU. ^ L^jjij V L_jV if L__J1 

, ^jj__J| -Lc j_ui j^o (j_jj____t_fl jJlSj *L_uI_>JI (___J _dj_a_jj ^Ll-cw j?l 

i^yfii_>jCM< 

2u>l--__ri ^JL^ l_% jLS-tlj jLjMJ ^__j^( _4L»oVl 

*Lj4__- j__j ^J 4j__»UJ1 4_u — uiiJI 4jjJ__JI jf LU___> L-jjj-uaj jj (^-Js-s-j 
SjjL. (_____ (j jmKj L JjJ-a_-- 4jl31 j jjj i 1905 ^.LkJI j__l_-_u| <Jjjue[jui (JjJ 
^LLc jjs jJj-J--? jl 4 — *u_t-w j_i ^44 jjjju Ljj j_w«Lj __1 — t j JUu J— Jjj 
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Aijr ju_Tj jijj 3 j~- Jj--i -^l. ^ J£ a^l W> • _*-t 

J;1j_l _J _?j <j-u-H Uj-jib Tjuj fj ajGiiT jlS&t u t L_ut £H~-J1 u^j 

* UjjCs u jj jl_ (>— ^ (*J jJIj^-j^j j^jjjJ j^b »3^! 

iS jJt) ^...y:^ jjjj_ll «a__Jf ^jju gj_, U__ 1 1908 f LJI jju VI 

4ju_> (j-ujJ <3j__— I 

a i_u <__jl_ ^t oU.^1 a^Lj *__.__ 4ju_> > Jj 4jj-W -«v.im 

.(Spacetime u_*jJI j- £---« c_*-j_1 (^l) 6*-^jJ'j 
v l«_l 4jjj olkU j5! ^jjj * 1864 ^LJI jjJjII) ^-'^ij* cr-b 

: J_ Sj__U_ *(j_Jj f Lu *jj_U_1 Jju 4jjjjJ1 *JjljJ1 

u t U*J~u ( 4__1 jj cUjJl? u£ 

<j*J_ , _1 jriJ _U_VI «>• £j— > __«- J-J1 <> L_jj1>_ 

.4_CL_4 4j_>Ij _u_>- (^J_ --j 
*_«j I Jll*. ■ i i » j_Vl 2u1ju (> <j-£j <- (j^^ijTol <>* (^jJ' tr-k* 

^jJ^JI _L»_VI Ij_ '<Jo- <-*_-- a - '"^" ^Lu_JI 

j_^1 3 JU__ <___ tf> jjAJ U <J\ jjal_- ^jdl j_ o&Mj u u j- 

.2UU11 4jj-__UI 4jjJ__J1 jAj Vt *4j1jUJJ (*_a_-t 

a^lS U ^ ojC (jJ 1905 fL 11 juu *b}*_l 6' j--^W j-^*_ 
Uj_ ujl_ljl 4_i_- 3>i_y 1 _r- jM o^- 1 u J^> a^j) 

Sj_U _-_- - — J_-_- ^JJI jL-V1 J-J -1 «5j-uit OUUII f L (^«---_ 

^ ;l__,u.Vi «.bjj-i _W>j .((-iijSJi ijji- <*-L_ t-^jt ^jJIj *Jej- 

(>* 4 2LS^_>_J1 *l_j_iJ1 _l jj t*bi-_- (jl> (*J Jj-u JJ— — J 6i>--~ , 
3X..A Kn fr b)a_lj) (^->_JI (0-1^ -tk>-- u tP^ J' o 3 ^ 
J^ulaj Jlul ^JJI jj»J *<___ Uj-C 1j1_--»1 J-Gu Jljj V (4__»U 

J_ j_ (__,Ij 4j-UJI j . 1905 r UH JjS U J\ Uj_j* (> y*Uj jt_*f 

.4j|j(j_j^1<-_J^ Jjlxij J_*t4j^4j^J t 4^_j_uJ1^j_-J» 
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lij >i j^Ij ^LS^I ^ u <j ,„M£JI 

.jjJkl jJI Ljtdlj (jhs ^y-JoUI (jjj 3jJoj LllI!! 

^*iL ^-u.yi£ juu) oi^-^wi (j^aii 

^iejjtJI jl (^j^Jl (jJjUL (j-jJj (^-«Ijtil 

(^k. ^LlU u *\%\ \ u ,tU ( ^_iiJI - 
.(^IjSJI K /iKj^ij 4n „,;H M-^kiil 

lLdL^oJI c-al ,V,<I jA jL^LTiN dLJjj 
^uiloll QjJai\ ^ 4j1j jA jJI) (^Lul)?! 
4J&L4J SjljJtAJ jJU*~l4J Ujjj (^jJI i(>*l£. 
(jj| JjJeljJ JJJJ (jf <j-* o-»J^' tj-kL fc** 
Oa^Uil £jj (> *4jUU 4Jt£ <4 jtm4jj£ 

4jJ5LoJI jlSLWl U*jVi „ri (^l 4j>jJI 
.4jJLt Oj^jL-oJIj JjJ ,„1 ^pJI 


L^j ..." 

« Jrti. ■■ « Jjjj j>a Lkjjju 
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_>Ll*_ >1 j> Jl_L1 ,«_>l J_1 p.Lj_L3j 4_U__I ^IL*jJ_ JJ«Vl t. JUlj _>J_J 

;__! jj^; ^^£^j<s j_u_j j, ^41 <^u_)f i jj a-ii 

£___( jjLJLc (j! Uft»(j— Ij.^jUmJI ^ Sj «" ,,i«^jaelll Jjw 4j*_> 
(jjj (j-« *4_U £l1_u<! (^yi— _|j_!1 £jj>- Juj JjJlLJI £J>-jIj 4JsjjJo 4_/1jj 
2L_>jV| 4« mUH *U_ j_ U J£ (jl_ _Jj_ <4_ujL>J1 J*_ 4j-aj_ ^J-*-* 

l^Lgj 4j! j_ <_r— L* _Y1 Jol Aill (j_ 4jJ9jj_s (_tj 4jwL*j (Lajj^j-L > J1) 

3«>lUlf ljj__» «Uj (j| l( j_»jSM t„, & j£ <j— <L 5jIjj>- (_yic JoLduti] 4,Lu«j 
(_£Jla (_y— . t__j_}| U<u cJ*£ A 1 4^Lj_i_l CjUUjJI — jljJoL — j n-rj 

(jjjtJ r*^jLs I j_L_j .(jVl ^_». >_._ J1jjVj <2JjLb 3 ji«j <_jL_-! 

< LLjj- j i; l->. (^JJ L>jJjjj>JI j jjUj ^j&jjj_U guu_4j i_3jLlU _J — tu 

JjVjJI _jJL».j (Oll^pJLI (jlnVflj Cj1jI_JI 3l _u jj i «n" i Ij irtjij (jtj 

. jjf£ _U j ju_j ...(j^Ultl J_u 4_jLJI J_3j JU>JI 2t — Aij «(jrjSTIjjJlj 

j! (jJjjj (j>« — _(j Jihrtj Ijla>- <Ujj£ (jSLoJ f*i_. Sjjj_ (^j) I Jub JS> (j— — »oj 
. Jjj__CU -Jjj—" ^.loi-y j! (jjjjtajj j*LJj (j— !>L__ «^^JLJlii. jjJLJLc 


S^USwiY! >>o Amj LuSjS Ja , j,-US-Yb 2_ UN 5jl»iN 

_t J_*_Jll ^JUJl <__ 4__L~) J_xJ j^jjIj 4_la_! (j — a ^ jJI — 

(jy» (j_>LU V 4j! j-LC. t((jjjjlj jJjLAj (^ia (J_>-1 JC„ ,< -JJ (^jj^JjjoYL 

jju 4j>._J1 I jat L_il 4u_U_l 3jJ_J1 5_j (jl La} :(j^l_£ wt JLvf 

_,_ Lo>jJj-l>JI pUlr 4aJ_ (j! Lajj i(( Ll>-jJjjj>J1 ^jLua» j i_ 

c_>Lt_Vl (jLAj jjI jJI jl jj>JL I jl>. Sj-uJ? 4jL_ 1 jjljI j_ic £_LJ1 (jj_1 

Ol * Jj_l <j^»?W (j-tijJ ^LIl^JI j .^j^I C___ (^l 4u^jja_l 

4j JSj t _i__ ^iLoj 1 j»_ u^— — _ L—lit — AT (j| *jlj>- _L_ (jLST 
^<^>- jLw o_L_=j_1 4 — ASm lj-_ L ^J (j^j — —————— Ll <j! j^— ^j— — f 

c__ jlSJj.4jL_ 4^1jJL1 (j^o^^!^ j^^—Ij— j!>U j! 4 __L_X1 

— uubJI (jj_J1 (^JLa (j^i— 3jl JuuaJI - SjJLj - C__-1 ^pJI (^Jj^l 4a^X1 

^L_j (jJa j cj—jjoJI jJlscj (^ji II (^l Jull J— Jl jL>oL) ^ i>t a~ tj Af„ 

J ^ » 1 1 1 i « / 1 j I i <■■ 1 * a 1 i * A j I . I 1 i^w. jj J_L3*J I £ U 1* t ^ '^ ** J 1 1 ^ i i*t jjj 
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er- U» _ c_a jji---J1 Ij-jju <_____ ^ <j„j ,4jJl_. _, lr 

3l__i_ _j__j~ JjL__ <-lil j-~- - 1 <__ ci_*_J1 oj>j__>1 j .d»j_- _*l 
*aj_U_JI SjJ__JI J}L__> LUj <___ .-.\--. a< i^T ^ <CJ L_*_JI _1_ 

U___^j_j|^i J :t^f^^jji^4:tj^i^i J jli^^ jL^j 
rJ j| 3j_>j ai_i_ <___ ueu t( -___ui <__ sj-jJtij 4i_L_i <__>______? 

<-_ ^j_f __._: Luj i^t j-u_ ( (j_jli j-u____ _____ Wi j J3Vj_i) 

<-J_JL____r L^t<>lj__l ^«ll... jj_!_>_.jVi _j_:l__j^___ui 

Ujj <-j1jL_JI jl_j J_uJ jj__ 4ai_UUI 3 j__Jl <_ ___uj . 4jj_t____ j__f 

t __ljL_J1 <_u J < Ar J ^-jj! J-^JLI ^L__ o?j *j_-j ___ _-Ji e__Jj*_ 

«-•>3j (^-UUI SjJ__JL <j_-jj Jlj_ V) _;j_U SLr^ JL-_«jju 2U_ <j_J 
c_j__ _j| jUJI <jL <j_«j_j t(Permanentism) 4jjuj__J1 i__jjJLI ^L 
U_1 _ _____ ol__a_ai oLj ^jjJI WJL_ __-_<--> U_" __lj__ jl>_ 1 ju™ 

__j_- i4_JLm_JI -SLj-oT <-_ 4__-L_- *Lj_t (jjjJLoj ,i,11 <jl_j . 0lJ_ut__4 

Lo.jJj^Ij ^-«aJ-JI ^LJI _L__t ,(1892-1850) Lb <j__<u*_ _.__ 
j_bj) 4]_L_J1 Sj__JL <>j_J1 __)jj . l^J JjVl 4_i_.1 jJI j__ 4 J_y -__,L*j 
4 jl(-J1j-_ji-tjjai UL L__j__, |_j 4^j_uJ,l ^ ___*-> < "•~x - |U ;j 
ub *3_jj-JI -lj_ Ll _>_____j <-*u>j_ o_L_<__1 _UL_ <____ ___ _ V| 

a*j_i __ljJ1 <____. c_t_____ t <___>L _ I JU* Jlc __c ,J1 J___^L_ 

*_v?J-l V^J-* 2j___- jj-US-il 
»4_J__*_- __ljL__- _1 JlL-1 ____, Lijjjt <___> 4j AUCi-M S j___ OjjJajj 

Sj*-_JI cJLLj t Catastrophism 4__ujLSJ1 Sj_____J oLujli 

SjJ___ -___-! _j <J____ £___l_J| ^jj-JI 3 J-LX _ | Jj-jJI JjLk l^JJj- 

(1914-1831) ^hjj-^ jjljjj U-.iv. ,„| 4xu__^ j___f^a__^j J _ 

j_j i4_j___tj J__j1 4_SJj ^t-jUt _-J-_ j-».Lj <jj!) <JJ_J <_____ jjjjit 

1^jJju*U litu-t J___ -uj-. 4 Luj^ __Jj j_i VjT _Ijj <_!) t >___ 
UIjJI Sj — 3J1 ja <j__l__JI <jL_j <j_jj___ __jx_ — j__jj . 5 ._,oL>JL 

*jJw_ 0lj__ I4L1J UjjS J___jj _rj^ _j1 j-uu J-JLssj ^Jtjj-L- oljU__j V 

<jl <_J) *-___j .<j__1__jj jj — jj <j_»j^1 c__Cj^ LUu . jl»V1 ^JLjjL <_j 
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*L__jL _>* ^lj-^l _-A W-jjJafj JJvjJ1j LJ1 _>__-! <j_- J£ _-£■ ^jJI 4__uLJ1 

f>jl-1 p <_»1 j_*j t JuVLtjJuj_- ^ — _ut L$J jj-jlj) U_>6-- <4 — 3_-_»t 

3>t t>SLJ i^yjjJLjJI 3j__Jt < ?i>^i*i __ — ia U Lojj 3_j_*jja c_u_£ (ju^JI _, — _> 

Sj^uaJI oJlA (j*3jj • 3-Jj-JI -*-- , - t l (J^J^ U^°W <jr- W-* J-*-* * j — 
JL*J1 J_-__>L_) oULlse-l i-.K A 4 ^uo jVl 3 j______iJ1 <ji& 

< ?u<V) ___ u .nlUVl J*La) 4_4it___ J__C £__J1 __£> C.nn ju U_" t (£j-__aJ1j 
3_Jj-J1 £-* 4-t__>jVl 2j_J1 (jJoL Ji-b ?L___ L_u <__u_- <(<^jJL>J1 Sj-SLSI 
___JI *i__uLJ1 J__ c>U -UJL>. " <J-»1 J--1 C«,K in'l 1_V__-J ._>iU__lV1j 

__lj_3__u1 J>L_- <____>. 4__" Iju- (jSLt t l^irnm 4l___U (jjl — _oJI _-_ __u__ 

j (3--*-^ £_j-<__J1 (jt j_t_. . 4_wjJlLo 2M<_-la 4jUf J>L__ o<_Jj 4__wL__a 
4ju<& (jt _dJ_ J_L_ -5 -~^-~,^\\ (*,nrA\ oljUr ^La! _j_u-_JI _-__- — ujj 

J_»LJL_-j1 j . L_jl_- j <__J VI JL_-_*. £__»V 2uj>U1 <__UL__jVI j <j_.L_-*__iVI 
(___> 4_u__ jVl s >___J1 (jj» (<_- 1200 ((j_jj_- Uj JL_ (_--J1 a_uij_J1 (j-sj) 

4js.j_ 1200 1 _*»>>> _uj_u 4_jJL_C. j_« (JjUeuJ <JL>J1 (j-a ^ 150 J_-b 
jj__)jj_t JujjJ 4_*-j_ j — _1jj LljJ (j j^ j i u (j! 1 j-_ (j-« j__Hj . 4jjla 

LVUi«J1 JUw jj4__ __Jj 4__»? r j_.jJL1 (jiU_-iV1 UJ__ U___y ^ 

JLu>. -_t_> <__L_u _£-J1 4 — uuu ___jjJI (___» clT — _-J <_--JI t jj_uV1j c-^JJJ 

i-.yjy t JJ: l ,„ L»j ^jUUI , j__ J<J 4_4___L_J1 4jj___J1 (jS-t .<__jVi 
<u_ (jLS (jjjJI c__jJ1 _-_i ^cj ^jJl ler cL i_.VI __>L___tl (-_! — ____! 

(jl_L (j! ___a___jt ___!! t 4\jj____J1 4__ajJj_ __1 J_jbI__1 ____. L__iLc _>_JJ — <_» 
4__Jj_J1 4\____ (jt Jl-jj .<3>L__yi __-_. JJj-P 4JL_ ^ _>_jJ (j-sjVl (_-_j^ 
Vj! t__ jjmt i_JJ_ (j-_ <*CjJI (j-L_ 3_»4x (j-Jj — u* \^x'(V\trA __-J1 4jjJ__JI 
4j1 Jo (j__j_ , l ___ij_) j«Jjl- (j-_ <t(_5jL__- ^_j_u» -L-__»1 jj-p L__$jf 
-» j-nj-- (jjjJI iLljJuji. j__J i Lc__o1 1 rc-r <_ L^jT LjIj -(jJj (j>-J1 

(j^^jJI __L_ (j_Jj.-uj__J1 a__j_-jJ1 *£& 0 «\ int-i^ LujJ LejJL» 
LgjL-t ij___c ^__-_J1 (jj-_tl (j-s L^L__L_jj -_i _u L^ — ____ 3j_C_J1 aiut> _)f 

- (juj __*J1 (jj-JI (j-a _-jl-JI « /Krt.tt (___ VI 3 _U-J_- 3j_-_ J-iJ_-_- (*J 

. 4j__w _)_u__*_- (j-« J_> I --_« 
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-jljL-Jl X».J__j ^ -J-jL-JI ^jj-kN 

-~»j^_- <__JI t-_iljt — 2J1 4_vj\__j £j — __*j-« _-<& __*L_jjJ_J1 c.UTi il 

CjIjLSJI <jf L-bjU Sj_____ t j — ___. — (jj__J1 J>L- -HjjIjjj 

4__j_»J_« L^jlj t 4j ■, ii _ JqLuLo 4jjjJL J__Ij_> Jij-» ^j — * UJ^" <jl (j^Uj 

-uij ^lj ____. __U__> c J ^._ -lj . ^...ijU LlLo (^Js j-ubj JU*JI oL_; 

Jj ^jjJI 4_J__ <___* I J__a_> jJLu-? _£_____ ^ _>£_> lW^I (jL 

31.^;« l^Ktj t _____»>L_, S ^7,",,«« ol jLSJI * J__<_J1 4_u_Lj «-.M< 

j-__J1 £_Oj JjMJoj (^JJ _£jl Ljj__ L__jj J1qj <__J_>. Ja_u L$j_a_j (j_c 
1858 j»L*JI <_-_j . fjl JUo jyaiiuj} >U mijjJI j_3fcjJI _>-sj__ ^jLv 3j_b 
J' *J''« J_ujJ__4 J-__» («^ljj _M J-uol» L_jL_> jjJLuo (jjl miII ,-LJI) 

_jL*_>J1 t,J_ u _>» ^jIjJuij LL_> *(j_ijjL __j_ J-4JU (__Saj_al jj_j 'Jj *J^j,' 

-J Jjj-J _-ic L____j_a Ljj__ Lojjjj 4_l_" (j_s j__ *«_jIj _Jj (jLJI ^jc 

-__-_J <_-_J1 t-JjljSUI (j-A 3 1 . . . I..) __-C I JU_ J__L____1j .(j^JLUI _jL_CJJ 
4j1_U 4juj — _« (jiU_ol 3JL>. _____ jj_j <j_aj_M L-t-jST ... ____ 

Jjl J-*j l_i___J1 (jf j-t <_____) jl__I j t__j — uJ Li_> _ j_C_G (j__jj .^jjLUI 

(_-jjl_^ __-_ 4jl_1 jJI t Lua Cj1jL_J1 ^___»_ 4__jL- _____ _gj "i V* 2Lc jjj___ 

J.UJ1 4*j| j _ ...n-J <jj_0*LJ1 L^__5____1 (^lj ^ ,„,U_M ,Uj^U 

(j^L__J.I _jj_uL>J1 _____ ^_____J1 cjL — _ujj <___ 5j>j_*.jXI oLj__>JI £rU 

L_4 i » 1j (jL__j Lr- 5, 5 *Li-— ■ 4_ojL>Jl 2_Jo Jjr.lj .J___j_t_JJ 

2- _j_*_ }L__ 4jjJ (___j J __ i _Lj jjui____ (jf ____■__. ^L___l 2uLc (___J1 _;_? 

_)_Uj 4jLu__ j — __jfl _Ujj»jj? ( -) _3j__j .CjIjI _J| 4_wj__j (j—c. Jj_u__ 

3- »j___JI t__i_? ojj) U_-j-^ _-d L_»1jL_J1 (jj_ 4_mJL_ j__CT I ^jL L_l_oj 

___^_>_Lt__ 1j_A4___j__ ? L_>.j t (4_ij__J1 SjJiUJI jL___J J_-b Jljj^ 

_.__. _u___l j « 1882 jjLl 12 «j .ym» 4j_j_ji ajLai ^ -j—Aj 
J.-.L 1912-1845) (jjjjl. --jj_w _di_J| ^_JL_. L$_»j_ij_1 (jl _5j ■ 5j___ 

< " « n i Vi l L__»j J < -_- j___JI oi 3j___J1 Jj-uj -(odij' J JPj' --J ^LuT 

tjTc^lj L_-A_J . OrJJjl _-l-ij-^(jJ?j_^__Jl L__Ijl_- (___» c P=.j- , | 

4- lu _j_-J <j-* 4_La ^j__| _j jJI --j-sJl J__w _J_LJ1 J__p41 _j^j - 
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- ^JLJI ^ j_J_| ^UJl <___-__! jLSJI SjL ot L__of ^bj <l>J^ 

_Jj_»_- U-^J^ 1 <t"^J-- lt^LJI ^rU ,,,11 Ulu *!j>-Vl C> jjLoj C,r J 

.^_JlU_ CjIjLj (__JI Sj^-rtll *L>_t (___> *J_oj 

_>IjL_jM ^>-j 3Lj>£aj J^-O^^ 

4jji_- (jja ^j—U 1jjj_> (jJj Mitt l (jj_JI (j_* c^J^I jj__J1 O, ^ 

jjJou ___ CjjjIj IjUc. lflio,ni __>jj (_-ll 2JLu_JI ^j^Jj »<-_! jLoJl 4^-j>j 

juj_JI «_-jU -1 3j>*JI jL_»jVl fJL_ L$_- j_. <___H 4iu__J1 <_~ (>-jVl fj__ 

Jja Ji_j _;jJ1 j-iij-i (j! JJUJJ * 1912 ^LJI <_-_! 4jIjo -ltjj *jJ*j- 
JLu_> jJI (j£, JjL_1 l_3jju (jl£ (l_J__1_ fJL£ }L_4 i-J jJG jj) jjULj ^ <Jf 
Lwjj) CjIjUJI 4jvj\jvj (j_v _jj___ <-_! 4_jJ_UI jlSL_flVl (jj* jjj-JI 

^ jlSj L$jV y i Lbjjjtj *j i__4 ( 3 ^j • (c$*--T j-- i — 

L$__, L-L-O _Jjt_u» _>-»_- 4jV <j__ »J___ 4j.<nl ,« (jj« _'L»j_'1 jj-1 L>.jjjqj 
(PJ1 4JjVl (j__~ Jj>a (j_. i___JI (_- 4_-)lj (jC }___* * jj__ (JJwa (_--__ 
cjL-" j1j__>j _Uj_j tJL__JI *j-_ <-_ L$__ 4x._jj jljJolj t4jj__ («__£_- 
___o fj * 1930 f LJI (_- 4jUI 4J>.Lu «j! J-^ ^Lt^L £jj! 4_c OjJ__-_ 
4_-j__j ^Li-L-s 4ui>> jlM Jj tL_j-u_J. L$-jJJ djl__t j — __J jjju^ 

(jj» {-CjJI (jic ^jLpi--"! ^Lal Jjj_a (j_jj VL_vJ 4joj4_a JU__j .CjI jUJI 
4jj__J ^ji^l <-j-1 * 

i_j1jj_» (j_ ^jjJI JJJU- J-p*JJ «* J--*T J-^^ ^ — 

.((j^l (__ L_?) CjIjLJI 4^>j 

^j jj * 1880 ^L_jJI (j* jjj-sjj (>A JjVl (___ (jJ>j (-a j_ij_ j-Jj 

dljjj- jJI 43.JJ <---2. J-^>>J <(jJjJJ -J JJJ — ujjlj *>jJ JUA _jLu»L>. (-__ 
Ju_.j_u _Uj Jju JptJlj < 1905 ^LjJI (__ (jUjJ 4juaLv (j__4 _ii_JI (_d 

1_jL__j) -jjj- 4j>.! 3jj_J Ja_ li-os- t Jjjljj — -ujjjJI (jl j— j-JI 

(jjJLj JtJ-*-!! 4a^a (j1ji-Vl (_Jjj LaJ__ <5Jj-Ij 4j — l__U (___ Lajj- Lm» 

jlLoj .(3j^vVl jL_-V _J1 jljT jujl> c-^Lj- ^_sj j_>j i4_.l — uj 52.5 SjJI 
2^1 jL_»jVl (_s L5L__-t j_ij_ Ju_ 1908 r LJ1 (^j 1906 fL_*JI 

4j j^_v JUu Jar-J1 J * JL^^LLjj- JjLu-l ^ 4j_jLu j 4j_l — _-_.,.,, 1 4_*J £A 
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L___ljj LLS" jju-otj .LilLoJlj _L__jVt ^*ic <_-_• j(^l f^,4.<gjjjjU 4j_-La_u 

jjjlaj (___ £jjI_JI -iUj jJU £j-_-j 1 191 1 j-UJI <___ 4jjj>JI jUoj-M <__- 

j-UJI ___ 4_- jiU a 3 j — a JjV <__■ jj)1o ___J1j 'Oljl _JI 4_vj_>.j _>__ ajK *f>T 

Cr- U->L_lt u}_Jj___U_a ^j-ul — u/iiyl*! UJ **"'.'« e___J (__-___jj t 1912 
t<_il_ _Uu j-_J_) j_i_ U_j . 4 — ___j f.UJt ^yt jjLlj ^y. jjJJjLaj Ojj__u1j_i 

*« jujlhJI ^JUJI <j_J__i» £jjjjU <y_ 4_}Uj jlcT 1910 ^LJI J& 4jI 
<>• jt_.i) (j_J__Vt I j— _ (__JJ £___ (jro* JjAjJL (j__-T (jJjUi) 4jfj 
CrJjjUI J_--_Jlj "Ujj-L>JI -£jj-»V (^j—uJI Ji-UJI Sjjj_p JLALS.J (J-_l 
*1j->-T J*U « j--Vt U^la J_T (jl n , >l Ul a U^ili» (j*}U.UJI I JUJ L-Jjp»-" 
SjLuuSj^ Ujj_cI 4jT juL <4jj____3 £j__ajj»l jlMj a.U^ll jjjuaJI 4 ajJ 

Uj__. . 191 1 r UJI ^j J*. u t ^JJ U jjjL-b r UL_ - 1 t__u ^Jj JU__-VI 
SU>JI J K A f oru J-UlJt j_-L__4 (jijjLj jjjJIj <_-__ 4_oL__- ^ 1UI 

.LjAjjjjlj Jjjl j-J! _r} — J ((__^jJj__jJLJ1) 4 «uJJaJI 4^jJju_»J| jj.rtttl 

j 4ju1? 4_uJl_ 3 — __uL jj>-j 3j___ ^cjlJ La JJjJI jjj^JJI o*»j^j 

___ *-u£j . SjjuU Sj — I_u jjv»_*1 (_-Jj jJ-j j iij^ j_J i<j_i — JjLaJI (jrU J— u_J 
4j|ji_j ^-t-JJjJI 4_JjU Juu Uf_ --j__»I U t-Jj-M 4j_J_JI JJU-JI Ijub 

(Die Entstehung der kontinente und «-jIU .^U j oljUJI 3L_j J__»i,> 
.^^IS^UJI^j-Lu-JI Ozeane) 

2L_ j — __*_. 4___>-__ 4 — i_|jju ^U-JI ____ I j__A c _)j_*L>. 
^LOM <<J__j l^jJjo-jJI -_VU-« (^ 4_u_J1 Jjjj ,S 

t-j|jx_u ^Lial j_CJj J-__Jjl> jj-JI __!_! 1 j_t — jjjjj 
• ( jl l ir (_«_ <"itt . « jj (___(! (t_j1jL*J1 *i>j__j) 2j__*J1 
__t| JjJ-ijJI JjjI» (^—U 4jL jaiji jMJ__l (__a ^cu-L-oi j_wf JJj 4>uj 

(__A 4j____»I jj__JI j_-~I 4_jjJ_ (____ __ljL*JI (3^1 jj 4 jUr. a J < U *(_-—*_< 

(^Jolj — uJI *__1j_- -e__»jJ U (3->J _>-jJ * l<jc*-i« » £A ____il jj U l_J J ____*! 

__u__sjJI __slj_w (jJaljj J—j (j»jjJ1 JUpJLI _Ua ^UjjI (^ Lc ju_*j w "*|) 

jiiwjj J_J3- iOljL-it 4j_u__JI 4iUJ1 tjl t(Continental shelf) ^jl SJI 

a-j_jJl *b«_»_}'i a-^jiJi ^!y__*>Uj .ujjj.,-^ ^ .jjjji _l,j > ___j (#) 

.^IjJH ji_il "uuljJI "uu__U 
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3jS_JI u t uM- . .U^U _L_ J__5 4_j*_, cj1jIj___I 

.4jLgjJt ^Ja j y^.t t|-..u*. _iL>.jt 2jl_jj_. _lj_~t <jUa L^cJu U _ij — >-j 

(j_ (_JjVl 0J_L-_t jJjLJ^ (J^=J— (j_ 3 J nfA 3j»__ Juu 4jt j-_JL J j v > 

sjujl^ 4^1 ,vc-,„t ^ _j j___.i . 1912 r _Ji c>A j^Lu <> a^j^jii 

. ( * } ^ <--_Jl 6- £j>uj . 1913 ^LJt^Ul* _j*J jJ^Lu^ <__I1 
v: - _Ujj *4_jU 2Uojj_Tt SL». _J1 4__UJI U d UU^ J- O . «UV»j 
4jj___JI 4^J__J j'lJk CiUaLJI C_vJL___1 J__ «(-tj-"! 4_J.LJt c-ij^JI 
J>— - ^-jjJ6J O^—JJ-* ^'J^ **U>— 3 Jj-hII (-— I Ut li X J — «>~jJ 

j__ t 4l*UJI 4jj___JI 2ujl5JJ^>U j^^tUjL__j. JjVlj^__iVl 

<__tj .4jL_t Jju j*— ti : 4--UJ1 4jj*JI jU-jjM 2UJ_v JL_« <jUc 
4j1j__ 4^jjj) __j__JI £j1 j 4jL_" j^ ^Jj J 1 ! 3j j i hU 4j-L_JI 3j__ Jjis- 

Uiu « 1915 r UI <--- jj__ ^jJI .(«_>tU^Uj->l jL___!l sL__ J__»t» 
-J j-£» 4.1 (j_ !>L-- t j u< jM 4J <j£Cj ^Jj ^ljiuLc.^ _jj^_>J1 ____ 

j— *J_» Jj_____1 <_jj_>J! V ***J - 4_>, <i i /-> 94 <j — - 4_JJ- 3 i n l j_ __!_. Jjjj 
L_ *(4-p.| _$j_>.t 3j-«j) £jJ^--U <__. er^M tf>stJt J*»ll uLlo^J 
Jlu^j. 4jjJL»JI £jj_jy»U 2__-L. ^jJ _L_-jVl ^ — 1_ ___ Ij inUa J— 
L__jT J_sl j 4j! JL,.j,i . 4jjj>JI jL_jVl ___) j-L*_« L__>-L_> 3 j^ — _ 4 — — — — 
(jjO 3jjj_>. oL-Jo jJ — <__tj <__i1jL_JI 4_-j_vj j_ 4j». jjx_ jl — >-V JxjJI 

j____lj . 1922j 1920 J,L- (L__bl__ <> ^ J£) 
<jL_j _>~L-l ^t j (jl_ Lt (jSJ <4_ >*__ Ijla j-Jlj j! 4j__*. _J_ ^U» j__VI 

_UjJj *jjAol1 ^j— I ,j_ jLuajt (*JLc (jlS* j_iai ut- »b—^ ^i^j 3 J-- 

^ ^l j_ IjuiUu 4jj>JI jL_> jV( jli_l L.irtia 1924 ^UJI (> JJ__i 

Jjl ((juj^ joxjjM- -Jl >L__VL) 4___ ^UJI JMi. j—-uj . L_WJ1 

^ijUJi 4^>j j\ u____i (_->m (> ^ui c»vu j^__-_ 4jj__4 

(1922) 4_l_JI 3..UH 4 4j___j_JIj 4jjjUuyi 4U 1_*^jjJ1 CijJU__ U5 

jj_4_ (jl IJlJ jl JJJKAJ. (j— J K(— jl Uj^U J _j|jL-l 3t _j J__t» t-J__" jj» 

tUjJjI—J 4j_j_J1 4 Jju (jpu (jya _*_L_> (_,_>. dj__ V IjIjj c-« — uiSu IjJ 

J^j^ 4 (1940-1846)c^^>x«jjj- j-^il 4 --_jLjJ> ->U>jVl (J_4_ul <__»(*) 


164 


jj| ^ <GjU.| 4 imn"* 4juIjJ1 4jtJaJ1 JLcl 4jI ,j_4 f-^jJI _--J-C 

ijj^yi» C>Jl*__U <«-JUJI <j-4 4-J-MI 4jXjl_Jt «jL-j-u (j-___JI <LJi 4_$_wj 

1930 r UJI . 1929 ^L-jJI Sjj AiU *jL--ftl t> (-4-OU-1 

(j-uJJJ <jL_J < JUJ^Ujj-C, ^-JJ 3jUJl>- 4^1 lm-T-.J 4jj»_u ^L_JI j-uu-) 

4-vcljJ| 4jj^t ^ 4__ui| c*_u«i ,J *(ULc 49 *j-»_-j) 2j_U *ju- 4___JI 

J-}J->J1 4_<t_l _____ (_-— <-J 4J_V ula 4jj*_Jt Ci^-wtjj .CitjLaJl 4jvj_vj ^ j__J 

jU--t <_-_. J. < , u i 1 4 (--1 4jj| JL-Jt jtj_JLl (j-OAi (j_- _>L___. * J_i>l_J > __ <_-____ 

.(tj_ ...o^tl -ojU* _u-_ jAj) 1930 jj-oijjjjj* JjVl ^ tilJjjj *4i__UJtl 

<j-4 J»j 4 iTini Js-UJI <_-___ 4i mihjJI SjlcUJI ^-Jt 4j_u — uj jJuuiS JL>J 

e-lc ^LiJI ^ujJt ^ jjijJt ^ j\ . U^l? -J 4__£J ilnuit ^jj^I 4JL«_i *Lbl 

^lS^Jj 4_3JL> U-jiiU (\oj< mi«U (jru (jJj-lcJt _-!_- JuUJI 4_J_ Jjj^ <-U-o- 
3j->_- (jVt C-flfc_-_t t JtSLAj . Ijlj! cdJj -l__*J 4__jJ_j j^Ioj f*Jj ( 4_L-L_4 J_>1._ 
Sjicl f«* <jjj (j-4 ^jju jl (jjJu (jl UJL* -ojJI <_*4* (___) Ctl jLaJI 4_vj_>.j 

. I4J ^-..djjJI 4_tf_|jJ| jjwa 

(Pangea) l^b^J-JjJl 

-&_.tj___ AJI <j_4 Hi nitiw <j_4 L__Jj-4 <_>_3j _M l-*-J-> j — -i-i_. ^jj-u jj — l-_j 

(jU_jj_j t__ttj___ll (jl t_»fjj .i .lStt "->-j 5j u-_Jt <j_4 ^ljL-it l^Aiy JyljjJ 

L^j? (__JLc C*1 jLUI j__u-uj 1 L ______ f LdjA__vl l^i>nn <j_C. 4iil*iV4 dl Uj**ll 

- Kjj , „ 4-«J-> (j_4 jj_wLU Sial JL _. ^ <<»L -_ajju) 4-L-i-w 4-u-ulj-c J-_> 

4-uJjL 4___> (__!__ jiiU* L^-tj». _4_tj (1 — ^u^h ^-u»jj <*J5> ^--Aj d — Ij-ajJ? 

C-»o Sjj».j« aJJbj t ( r jj titir U — 1-CJLl- (j-4 — Ujii» ljj-*--u1j) 4i___-* j-t-Tl 

J-CJI _>i JL2>j . -UpJLl ^la jji--u-> 4-U J< 1 «7» (_g jJt c-<---tjJI (j-« 4*_jj____i 

jlU L^J cJK (J--JI I ^il j L^JLU_4J lUrtl-Hl Jtj->V r j___J1 2_^j>jXI 3 — jjLaJI 

j4">Vt cJLS' e-jJl j i(Pangea) L_>oL L^-^t j S_s j___UI r Vt Sjt-SJI JL___4_I 

150 j_«j j-Lo) c-Ljj j .i nU 4_w-i_w 4_tL$j -_a t_-f»j_C-J 4*_uLJI -J__l- J$ 

1 /n* 'V 4J_v-u jJLiui. ^jj4j c-Jj uijj .(cLuJltJI ^jjLJI lh,h> 4|, i,h (jjj-a 

(jlj 1 U»uL > f Kii"o Jj-JI JJ_U (_-jJ1 LJLLui 4_JjJ Ci «Mjl (jl (_---> 44. J ^ - » > . 
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.U5t l ^ gjJj-l» J— & J^ 1 cr^ J2_uU 1 j_ 

,2LUl^JLl jj>J1jJlU jjk1jk4_**u jt <i£j*jtt ^wi^J*^^^-*- 

u—O U* Juul^l 4jt Jlu .4_jjUJ1 4^j>>U Li___ <jj— o— ^ 

L_jj_t ,jj_-T ^-Ij Jl») jloU.I ^ai^- jl.jl>j ±u*. c>* 

oj1_ Lt .4lt lj*_. <(-b-1 c/j-^ «^KLaall £_!>* UjL__L (^j-i-l 

I jSUj . r jJ1 8j«-« J1j-_ 1*1- 4jjUJ1 4j->jJ1 4_l jJI 4oU*J1 
^__U JS_U J__-J .4jJjUj" 4jU_ 4jjL_JI 4j_j>jJ1 «j_ 4_ij__» J*^ 

<j-J_ oj- cr* <>J^— 5 ^ _>--— "1 _-L- *j__t o—- 1 ^ 
— *— T <>• <jt JJ • Cr-">» Oj- <>*J ^ cP* J T ) cA) 1 - 

Uu«. 3j_J £-JL- Ljjtt oljUJI jj_j jJ_ui J-> £jj*-N — L»__a 
ijtjJI jAj «j_*jJt gA- (<^J---JI _->LJ_l 4j_JjLJ1 4_L*_J1 3j— __<l) 
.4ijJLu_j ^jlr j-m.ttl <>• (jt (v'j^ 6^) ^yj^ 1 '-*_- J_^j ^jJI 
JSJ 4j3 jAII u_Ij-kJ1 jtjLLal JU>J1 JS-i- 4_Jj__i ,j-_t J_uj 4_-Jj 
(jrjjjUJI 4_-j_0 J_- _jJ_- U J__>j 4 4jjjJl>J1j 4JL___I1 Cjy£±y&\ >* 
__Tl L^L-j_l JUl->j ...Ci oljUJI <jt <JuSj 'L^>ab Ljjjt <j_- Iojju 

J__j , LVU^J1 JU> Jla ^ « JL»JI J_-jL- 0t(£tjj.U^t4iJ* 
.C-ljUJI f-U_J (j_Ut <-_ Uju___» (jS_4J *(j-uLJI Ju- 
__j_- _V> J> JujL^ 4aJl3 (^J-JI (jhoJjJI (j_»j_-ll J_a__»L_ jJ— p 

<__ (j— -t (-L- *Lu ^jJI JJjJI Jt o-U. J-— ^ 4jjj>> e^Uli .*lj>Vl 
^UI ^ j-aj ^JuUJI juw*oJI ot Lcu$2_»jt j| *4^»j_1 jj— _1 ^Lu» 
,U_ju (>c 3J-L1* Ul jj (^l -I jUJI (> JL*1j _flj (_i3j Ju*J1 
<_>Lkj) (j^U JSLiu jjlu (>j_t (jSJ t 4jj__1 c^LLUI (>c Sjujuj 

L^jJjj^JI *__cJ-M^jJ1 jj»Vl*4_u_a^JJ^ J_JJ iit 4_JU£1 
^j 4jjUJ1 4*.j»jJ| (jt tfjL_&l £u*. ^ (4_jJ ^juisjll (jjSS_u 
(jJIj* JLLa L^Uj___1 (j— _Ua_l _>Lj>c. (ji ^ '- ■ J'». 1 * ,J ^" Uij— - 
Iji. 11 JjL^L^t^jj^Ujb'^ 21 ^^ 100 L— - T 50 

^Jj^LjAj 4jiuiaaJ1 2UUJLI ^o— 0-4 (^tjJI 1 j— JL4J— 1j .4JL_J1 ^ 

^jJI L_Jj - 3 --t^ti Lm J907 jf 1823 ^UJI 
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Li_ jcj i4_^L_____»yi jLI&Lj (jtjJluu — uu« ^JlLI jj_L__J jj_-J1 ^Jlssj uu 

J^jjj) 4JL_J| <___ (jj/m Hli JjUL4J }Li-- ^-uiJJ (Uj-sU (jl JJ 

4_-l — __J,L> 4_-oL>. 4J mJca CjLLu 4-«jLl- Jjuaij I ji__ jf L-_-_>j__ I _A 

* _G}Ljj__ ^Jj 4_<__) J|j3 3j_p- _M 4Si_-j Jj>L>. j, 1« j'-i L^__usj _pJI 4j^j .U^tl 
Joj — ui (___ 4J 4_<j__l — <j±a (jt JLU .(L^J^Li. 4__i>. __-U fjj}\ 2__-jJ| ____j 
<_-ic J«T< i*l jJI (J-j-C-JI _-->jJ.1 <_--• J__--j 4jjLUI 4_-j_-jJI 2 j£__ jJjLj 
J&JJ Jjjio _>_. i_J — )_>j (Jjjl — lJI _-_> LlmL fl\ BjUJI Jj^-j r<_C-vJ J— jJ- 

(>^juL>Jlj-*iJI cj-*U CJJjj (j_4 J-JjJ 4-JJj-MI J JJ_*_-OJ 4jl |-W J__i,L_* 
__iLjL_J1j 4-_jIjj_»JIj 4j*"il nlt C_l_>jj_i>._ , l <j_- J£ j_jjjjj i<L4JJlaJI jj____JI 
(j-« 4 >ii irt -_4 -___>jJ1 jjL- jl l__i_ja IjJaLu JLoC j . 3j___>LlM CjI j| Ju>Jl J 

J_u1 jjj t_-o_-j *1j_>. _M ^j^>wj (jSw»l 1 jL_fl . *lj-v! ^Jl ___sj_4_ ^jjUo Jjj 

_-lc L-__Lo jvLJ_ J!uj I ___> jLs i4ju%__ jL_>» l__JJ_J 4__jJ_JI cjI *__JI 

iL$______> 4_Ljj__JLj (JLpJI e_Jj_> ;-j_t_____> _^Ijj ___ c_-wMj Jj__-*.Vl <jt 

p.1j_>.l ^jj*_»u SjLcj J — ic ^-cLlLa jjjo*. «<_>___» j_~ L_Jj-_ J^ aJj t** - 

-__j_»jJ1 dJt — ___ |«C_ _£ jJI fq — __L>Jl JJjJI j__ I JLAj . L__*oL> ^_-M 2jL_J1 
.4j1<l + tl Cjlj^j*>___iJt JaLS» j.cajTu _)f Jjj_ t4jjl__J1 

jjK>_-_Jl j-t-. j-iL-tt U,f*Y) itr>lnntt ^,"" 1 

_>l_> *_>-.->- 4_wjj _jjji__ ___< l __^jJj t l>- |<JLc <— u-jj I <_C «j__Vl ^__1 jj 

CjLiij___c. 4jL$_ _>_Lj _!_>_) (ja4_« 4jjL_JI 4_-j_>-jJI JLJ^ 4 0 i "j\p1 UJ-^-1 

.(1965-1890) jJLjA ^jT ja^jJjj-jJI ^LJI I j__j .(jjjA-JI (jj__!l 
^ IjlSIj I j__^ o_j-----JI uj--JI j-* c--L-il J-**JI Jj1__j ^ ,.ot ^ jl_J1 
(j__jVl j-*__ ^yuUa ^-JJ -JsjL^JI _j^_>J1 5jIjl__> J__~Ij (( __aLi___V1 J^L_*_iV1 

(_$l (j-« j_->! 4J_j__>J1 ___5 j_5 JloJj . c ^L___yi __>L_aJ1 CjLu_u LjVl„,uifl 

jjj_- (j! j_»jJL jjjl>JIj .«(j__jVl j-*c (j-»LS (_jjJI J>jJI» j_vT (j_-_t u< 

(jl£> jj) 1 j-LL>uj _*^__- (jJI,4 „ <■. -U^luj-l--, ___5 4jll__IjjjO 4jjL_ 3j__uf J_J — l_ 
-_j_UXI 4j1_JL (j-t-JI . (j-*-ja 5>tf 1 i u A 4J_4_C 4_«lj j-5-L- CjLj? jLo _jj| 

4-j____1 jjJI 4___JL1 cjLL_*_l,I jLo-l (jl juu ,1907 j-LjJI (jjuJ ^ ^j Ult 
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J>L>. (^-iJ j_u_,J 4jJ_w 1.50) L^^ut LLi u^Mi 4J eJ*Ji 4-y«j__J1 

4-*j (j-L <Uj 4 1907 j-LJI ^ 4liu« ^nalJ Ijub j-£jfj .4j_-,ljjJ1 4JLuJ1 

jJLy- ^-ic UljJ jjj--»! I o$J (j^a — 1L _____ J ji^t l ^ J — «I 

.4 MUt^ll Jl^- ^t/yM J JjJ <jt 

(j-»jVl j-*£j ^.LuSiyi J_>l _-_JI L-.j_-_-j-a Ji>1 <c___jJI I j__ (jJIj^j 

(j! 3 JJJ-*-- i j_t_L 1 ju_ Jjj3 -_)Jl>. j *3Ll*__JI Cil t^LdJJi (___> <>jl Juu-JI _)-*-° 

oLl_. jjjhJ 4j___ (1927-1870) -jjjJjj r tj_i_>j c^^l £.a_%3___J 

IjJ-Jj .f-JJ-ljJ_J1j <_W_I U3jJ1 C- H l "< (jjS 4JJJJNJ U *J--3 ^ jVintl (jj» 

^Iaj O-Lj-U L__i$ <j_>-____j ^LuJ ^jjj (_ ? --L_____yi J>UJVI <jT (jJJ 
(j! (jSUj Cj^jjUI <j_,L_i <jl_» t(13 j inM I ^egjJL-ui U£)jjxp- 

4-_jj-__x> Juu j__~ U-Itj *jJLjA < < >lj . jjis_-_JI j-<-C (jj- LJ < * "^J 

CjLLc j_*£. JUJL5__J «4 jlmll *j-o-Vl <_ — _Jj jJI <»L-JI (^ j_*J (^yJuaUJi 

(jl Jj-ojjj *£JJj-J1 <j-« 3ij--Ul ( *\-_j_y_JI j— > _»«t i <> J-*---M _V» 
(jjjjljJI (jjJUI <j-« jlui j uif J-o <J I j_-A .4____- jjjia 370 Uj___. 
^-jJI J ;jitJ-0 4tU*> j «-_ jJL*J (j^ <jt"^ *r-f--» — (jr-*" <J» — ^^"^ 

e-iojjl (j*L£]| cjjjUo jj 4 4_u^,jVl Sj — ____!! 5j_*___ ^jj-l Ljpl jrUJ 

■ LVa _$Jjl J->- C__l_»l (j__4__J1 <jl <J-C-* ^ JjJU (jjjJI Mitl 4--j_v?-UJ 

4J1__ 4j Joj_-j 1910 j-LJI (^ jJljA^j— *J .4jjjUJl(jj» jLu>jV 4 t-jo 
l_-jjL__-4 (jj J j_* 4JL_>-_' J_i_J *(-_£. I — j-^oSJj ^jjj — _J1 <j_o S-^jiijjja 
I j-»J u Utj i.ortU Jj_a_v jj 3 j-ali. SjL — _uj o-^^ 4jSJj *4 — _-lj_JI 
^j $ <_<j1jJ * Jjj^jjjJ (^ J-a-in- a (^jJjJiw tt_>.L!? juJj-j! 4_u_j 3jJ 1 Jj>. 
jj^ JjJI t^-J 3 jJo^ 4jjJLi 41jL^1 (jSJj . UlJ jI—u-| L4jj> 35 OjSk 

SjL-_» cjj (jSJ) LjjUL 4__jjL_»i iJ*. SjjL__ ^(jJdjJI <^-J\ 43jj__ ol__vjl 
. (^i 4-JLUJI v j_>JI J>U (jV?JL 4__U-UI jj ^ JU oioj-ll 0 V ^L 
(L_Jj_l_.I L^S^^^j^-^jj) 4_JUI jJLjj. Jlj_J<_^jJ-___-J jjj 

^Jj-T JLjj__,VI ^--Ji (j-JjJ-JI 4ljA (_-J| ^«-uaJj (jf <G^\, Wi .. .I (^ ^ i' ^ T 
j! juu T jkll (2L_0JLI 4-j_-JI) ^jJjS: JLjj 4j r-,M ,„ (jjjJI («—u^l jAj) 
. [^j-Ut] cjLuU ^JIj oLliJt jj--j ^ jJt .(ij^LJi _vtf*Jt jjj. jjI^JI t-s-^JjeJI j---*J1 (*) 
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JUj_ ^ J^-j < 1920 ^UII ^ -JLl. ,(1910 ^UJI ^ cJ^J 

4_j-i, cjU^J Ujjj <^ c_Uj JUu J*-_j ( 1917 f UJ1 <> *1jj__jJ| 
W^y^^l j-----T Jt ,W 1924 ^UJI ^ IJLLjjj ^Jj _Lc ^ 

i 1943 f UJI ^ ^jj jt __!) l_LJ j jiiu <j___1 j . r Ujjj 2bwU ^ 
o-— "J. 50--' laA^^ lUi ,„ 1 aS^j ;1956 j-UJI <___ j-_l__j 

Ju9jj us* «jjit^Ji jL__-_t o^L^j ^ctt ■t.yi auam «ij j*: __]_. 
«jWj . ( *> __l___ U j_-~ 100 ± 4.500 431 j <>jVl ^j. j_<__ 0 T 

l ^J J J*>- f ' ^jUa» :4___lj--_ Lui^jwa L__»Jj_ LL£ t 4±-C £4 jl -- ,1 1 <_£ 
4j-J- JjT C-jJ__> ^jJlj *(JjJ) 4^ IjnLc uIj-aII jLoJj) .«4_^Lj_u_i1 
*_jL--JI j^Iajj <4j*__L«j S_U)-4 4aJb oU-__ OjJU-> « 1944 j-UJI (___ dj 
j-b-* Lr 1 ! <>» *J> ^JJJ *Lj;Lu-4 L__i C-SjJI c-U_ j_U 

Jj_u_J Ujj 4_Jl_. U Ua jS"juj . I « j^ L\_-_-4 Lo.jJjj^JI J 

4-v-»ut u i _jji ^ ^i j ^UcJ <____ u jj-u U j-- <-_j» 4jL_«j ^ 4j 

. ( **\(4J £j__jjJU j ...A" 
^JawJiJJijA j_i_u_u 

< "j *920 r UJI J^ jjj4jjL-JI ^^jJLjljA^U-Al <jt Ll_j 
S*tj_» j-j*j ^jJI ^LLJ ^j_^ ^juj «^Jj^ JLj^j ___■ 4_}Uj jL-j-t 
U}_ i__i_j) j__Js jKiV XI J-l j? u^j <**b Vl 

4-J_ji 4*jji ojjlu_j .(j-ll_ uL. ^ 4j>j^:yi ;uj-j| 2uj__« jju 

u-T I Jw* <jf j^-^i <l«jjj jJja Sjj__« JU. I j_Uj| Js> -jLSJI 

(j-aLiJI 4Ufi. Cy* S-^lj 3j0_ „L_»T 5j-wiJ| <____!£ 4j_._ (jjJI j___UJ| 

(> ^jJI ^.L-j . ^Ujj- 4_*|jL_f <_^u_j jj__a ta _,U_ ^JI - ^jJIjjJL 

4_U_L«Jj ^UA^I JL_L__iJ 4^ u li ta iU__VI o_» > -L.u,- ; Tai,| <Gt 

V----Vl ^jUI ol C>* (*4>f c-L ^ -Uj i^-^L Luj U ju j^-JI jl_,jl»_ J ji- ... i {») 
L e^J wL__L_II a-j u L--t a-j>UI Uj.y^S-JI u ia 1910 f L_l jll« aij^ .■.;ic a < .:y,u 
_J1 4^Lk (_a («OiJt oi— * < LjL L-j.Sjljo- Lj_J__ L* ^jj_3 J>l__l - .jtL. ^ 

-(J-il L^jJjJS-JI 0 t U jjJi, r j__, JSJ L^jJjJS-JI 

•<j*yJ 0-* ^L-s^l 
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j^JuJ^ ju-ill ^ 45* ^j^l ^j_'J__U_3jlj_- jJj_J 4-____>JJ 

«jj-al U>j tfiL>l j_*JI _k_>J1 ul 3j__* 4__»j ^ c_-_-__.j_ j_> c_i_»j ,4_1ji 
JM__ UJ 4-. Av.Lu 3L*uii <_AJ_j *4jjL_J1 4__>jJ1j JU>JI jj4^ 

4^.jJjo>JI 4^>Jt f L-_». Jjj .4j| >L_Jl ^JlJI (-_-«_LjJI ^UaiJl 

Jtj t uUj jjjti <>» ,*__ 4jU Jju) 1927 ^LJI <j*-—- 

jj^_^j^J.(liAK^uaJu1 tj^&£JJj^*^4ju»U (^JI u-^iJL>t J 
C_uj ^t * >*_-? ^ 4^ jJjj^JI W>Jt J\ _b_J jJLjA <___. fbJ1 I _____ 

^____ CitjLJJI 0 ! (> ^jJI 4j? _J1 <___ij . j____ V I *:~-__ 

U_t_. < j 4__ j__1 L_x-J L J__ (-J| c-u>_ L__j *4--____' jjS. S_U (JJ— ^ 
*_.__: _____ - 1 S_UI _ JL* (jJ ^P^JI M < Uj_uJI 4^ j^ -Jj_-___- V 

oIjLjj L*£j-- cijlilj j-j t, , *jUjj U_t<U J> c_£j_-_ ^l U3Ij (^-a 

^Jsuu ^ C^JLuajj <> jVl (j__b 3j1j_*Jl <j-- ^UJI cplj-JI J-*-*JI 

sj t ( w .JtA n j___j .__ Ocean ridge <_,--. -»tl -_>>JI Jla) (j_L _ I 
^ c_4_U__i Ulu <U____j Ijuju £ju_J1 cp^Lw «jj» Jc c_.jL__Jl 
<jU ^L__,)M ^jl jj*J1 jJj-J1 *L__--~Aj (jSJj . v_j_JI <> _>! -L__f 

«a^t),4jj____Ji4__ai-^ j^jUj^^^^^-^jJIjj^i 

L$_u - U --_<nj -ju-j (jt U ;<: *_ ^ t>*_ * J-— _h* Wbb-- --*^jl cr-^l 
>*_> „j_>_ ^ jJt ^j___Jt J-o^UI Jiu jl) __u__JI j< _ . .<J 1 (j-oj J_- 

4jIj__ _J . JjJ ^J-JJ CiJ_*J I Ju- <j_- -(JL_-_- _ I *__J £JJ Jl_-*_- 

a _J 4jjL_J1 3L*>jJI 5j-__- jj! ^jJI j^^ 1 <J- ( J^ (j— 4 1j - 

J_l j_*jVI j i( >jVl ^J-- J-^UJI j-wJI L*_- IjjJ- d>- JSIjt _u L___J 

JjSjJI l J^____!Uj-j__-3 jJLj_>^J_i 1930 ^UJI Jaj.ej+e. (j-L-JSj-u 
_>_»jVl v_j^ (>b JU--JI -JIjLu (JUju __^ -__-»>* .^--jjUJI 4_->jiJ 
1 ;; - jJl J -^-a-l- — &V I J^i^t J*_j S jJjHI 5j1j_*J1 a.-*^ 
(>a_«_o (jj- ,,nL Oj-l^ Vj? c_-JL_j1 -[ * L-^-L» r Vl SjUJI j-__-_i 
^ *(JU— _JI (-_ Ij— «IjjJj ^j^-l Sj_UI ----- lt-- L-jIj-mj-O 

^jJI 4__jLJ1 J_-wi J____J L_Jt>f __>>jjj UajjJj 0L---JI *-*tj>J 
j__>b-4 ^jISj» (> lj>-__i> I JJ- J_ JJ>_ «o^j^l ^Jo--- c-L f jjJI olj- 
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ujjLU ^jjLdS ^yJj 4j5L_>VL i« j_L«}Lc. 2Lo.jJ^pJf 4jjt«j>JI cjL_____». 

JjLA4J l*j!jL_J1 <jJjj>J Jj»j>JI l_>1jLj (jt_J juiu (_-_J1j (^j^JI CjLuiLU Ijl>. 

<j ,ih1U.M <ji>J>- (jJ^lJ <__•_? Jjuu» 1 JlAj i4J — uJI <___! Cil j-Uii' u 5 JJ5&J 

. 4__- (JJ-l!U 100 <-JjL_J O jILS JL« <_ylc 4o-u3jVl <*j__i_U1 <___( £JL_a ^ «._."*> 
CUi\£ 4jjLaJI 4_jvj\^JJJ 4jjJu>J| 4jLcuaJi ^j—a ljL>. SjJJ-" j uslk <jj 

^ 4_->jJI ^.L- JjJjJI jJLjj. . 1930 ^ LJ1 Js l^lSL» ciJ*l>.I JL_A 
^jlj V Luj-uojj Lv« J944j»LJI ^«^jUK^jl^^^LiJI JjuaAJI 

»LL>-Vl jj_il liLLa^l l_jL 4j1 JLu .4_L___t_jJt (j__. jJsljL} 4_J ■ l uU VLt_<j 
: jjjLjA 4_»_Aj3 (jJjJI (j__j_-J1 \ $)mWi j^TJI 
jiuj .»ljVlj ^jLdjJI ^j-a Sj_sj-a 4_Cj^_%_a jJjuJI <-_---_- 

<j-<s lj-^(jf j_-__t_L it_«Jj (jjj (j— * 4jtl*La 4 — jLAjj j u_>L__. 

L_« i(j-_L». £jLL £ _tj l^J^ J*?-» LkLij dl j___. _. 

4jol£.l ( jl I ju* (jj* ji£!j »(j*»ji.. ■«!! JLiHI (j-* «LLwdLc jL_j! 

4^ji>jJ1 t_JjJL>- (jLSLaL ^uJLu-JI (j__ lj.«^au-»l (j\j>jJjo>J1 

L^jjJ 3j_nU 4 jUr ,j£. Ujjjt* (j— pJ jl i4_jjUJt 

(jUi tl jjb £jOJ ..._dJj c-u — uij ^-SJ L-Lj SjLuu jJj ^Ll_>j_oJ1 
*4jl_>L>JI jJJLji *ljl <j-a---«0 r, nnl 4fljn^ ^Vl 4J_2uJ1 
I j) Lo i4jLua)1 j JjJjJI _-___■ Luij__iL_ tjj-Zi (jl <___* L> jJlSj 

4_. j_> JISL&? (>«V f 1 !>Lu__l MSLi 4jjLU1 4__.j_>jJI e_-LS 

(jVl L_L>. oljxuuL*J1 £JL> (j? <___J jj__>. -Uj (J-jjJj ♦ ( ji»jVl 
<_£ jJI J-« Vl 1 JU JLSO JJ_ Lo jjlS'! 2L2j (jjC UAjJU (j! jrO» ^ t) 
. jjr niil ^J) LLa ^LsbJ 
(j-ajj£. Juuj t4jjLaJ1 4^j\*j\JL (j-dLkJI JaaoJI ^L_j>. ^ ji,j_A (Jjaj 

t^yjj Ls c-uSLi t4-i.la.JJ 4jLfl|jJI 2j2JI gjLLcL (^jlj^JI J«j>J| 4jLuu» 

4^lLLjJI jLSL_dVl (jt J ^jjuajj ^J uJ (j? l-aJbj (j— SJj 

4jL>eIi luI L^l>-Llo LAjSLjjj ^-lll (^jjJI 1 JU. ,lyA 4 u-JL>JI 

4>... «M*<-t (jl ^-J) 4-lUc 4j»j»i CjI j (jjSo tjj Aftt9\ ol >1U"d 
. J-LL u ua JjJj (j-« LAjjju LajCJ 
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<jl£ ^Jl* j;] l__jju jUjj* (jLS Ja ^jj : cr^ J*-L___it e^^lj 

4-l*__u (jLJ _-J__. JjJ-i (jUj£» jjjT U-u-sj CiUJ_» - (jjL-auJI Jl>- (__Jj - J_JJ 
: Jj-L» j| «LajAjj ^jS 4_*_u___a» 4jIjj ^ (__JL-J1 
V .oLjJUa (jjj * j_— II jJ-Jj <jt j-^y ^ ^ — 
iCjLjJojjM «-«.uilnt jSUaJI ^^f.jX\ tjuj <jt IjuI ^Jju» 
SjSU*JI ^-M-J oL > J__J1 ^ af _>* Vju 

(j^a SjJiiJI J}Ls- 4jjL_JI 4_*j_>jJ1 4j./_ala f-C Ju LulsIj JuJl>. OJlc-J ^Jj 

^JloSjujl^^SLs^ j^j^J^I |jL>jL>^LdJj <t M . „j 1 1944 ^j 1930 

jL-_> ^jJLdJI (_>*fJ_»Jl C_-jL». (J 4 )Uj___U (J-**J CjJ> (jt (___LjJ_»J . 1 — $-ilc 

(jj_-«_J (j_« Ujlj JL»0 j) iSjUJL». L^jV (JJ__j ^(j—^J V i5jLjJL>JI jL__«Vl 

L_$* <{JUJI (jA I jl>jl>- 1 — *jpa 1 jipj j j «1«j U J^(>» (j rtl^-Tt l (j — c 

*(jjjJ__JI ( jj-_JI oLiuujtj oL_Lu>_J (JJU ^-ic (jSJj . U__U JjJL»JI (jL_* 

^jj-a oi jjis Vj . uu; u_i_ 4jjLui u.>.jji s ^laj ^IjJI jjjjt ^ 

jl£at __JL___ Jlj3V -_______' 4:1 aSjS-JI jj • Jjjj _j___wj ( -jlJ lj-__-__a (___L 

O-p- (jSLt t4jJUj__J1 4__jJl Ula <j___*J U tjuJLM ilfl"t aI-kj LgJ 4_---U.rf« 
fj <GU i^JjtjJt oLloj <_____ - 4_jjjt (____*. - <___£__. jJj-* UJLu jJjuj^ ^jj 

jjhLta/» J£ U*jjJl» ojlSJs (jt J\ *4jjUJI 4__>j_»jJI (j__ «JsIjuJ JL>t Jj—u 
^^JauJI jJL^A i_,bSJ jLp-jil jlSjJI ->-». cJI j^' J-^ij) JLijhJlj^cjJI 

JjU ^-_JLi }Lu___ c-iL-SLII (j-*-_cu V? 4j .£j_-.T jL_" IjJLs <jj» (jUJ ^-JLc *L>. 
^t jl>.l £J^JA 4jj LSJI 4__^j\__.jJI Sj^ J** U ol . (S jL-AJI jl*C-»Vl 
t-_j-C (^jjlj LjL*-a L_>. jj-w < Li* — mlj LjSjb IjLLJ L^1*_w ^j ( j — Jjt 
oljij mki^. ^ya J_jj| 1 jljjl». LLajj Jjljjl>. L—jU jj (j\£ 4,j^jVl J — «ju 
(___t ojjLj (_-jJI (Sjjjl>JI L>.jJjjSLJ1 J<^aj ^jj j mkI I (j>2JI oLujj — __j 
^jJjJSLJI ^jJjJI g-j.^ 41J-jU ^jJI JSL^JI jUjj^l 4j*_uj L5j> j 

4j-uij Jllo Jjt OjjJU 1 j_4j .4_jjL-Jt 4JLUJI l_1jj>JI < >( j Jis-J (^jJlj 
tjrtjrt"» Uj_-J jjfc-J Ubuja |JJ1 L^j £-l-_>I ^-jJI 4jrtj<1 l (j£. |j_4> LuLf> ^ 
(j_« j_-L-_u (___» Ua Ja-uj L>-_5lj-» JjLJ 4jbLflSjjj-> jlj-ct J t^n\ Jcl-L- 
4« ujj (jLS" U t4 mi<i*i (jJj-u (_-!>• *1_JL>.t (j| . 4 »^j -s oUjj-cL_« jL>uJ J>.t 
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Jj* c/ jJi jij-^Yi \jjt i*j>ut oU>di j j — t j 

|j- .Vj3^» c 51 ^* tr* ^ ^ 1 - 1 »*>^»a^ 

U* (jUj-JI j-~U- j-u^ ^ jjUs - t-u, ^jj - 4jf ^jJI JLi 

* ^L- t Ul* ^jj-4J (jJj— J 
ialUII VJ^' < .' ■ '") 3jjJ_ £-tjj ^^Jb ^jJjJSa f Juu ^ rt-Ki JuU 
a*j»JI ^lc Jj (^^uujj (jUjj ^-JJ Jjuoj-JI ^-lc LUi JlcL-u, U* ,4jj15J| 

^Wwjt J*-~- u^>l*^t <j£ * I j-A ^jJI^ {ySl ( 4__»jUJI 
(> Ij-j_-j *vj^L> 4lu_J1 ISjSj oUjj-u^ <>l IjiS^ (jjHiWI (jj_ai 
^jiJI^^J^iUt o'^lt>1j--- jt4___aicjtj_JI _£j__9 

ujj^JI ^ <j£Jj .t__*|jSJ| jUaj^J^LUt ,^-^LJt dx*xU Ijll* IL-Uo 
**J-*% j*kJI l*j 4ji}UII LjJ^ Cjj-Juj ( Ljjj? j_uwu |ju 3j_-_L* 
( *JjJ_»JI CjL__J| J^jjjjiaj ^UjJ | j^ ^jjj ^JL^lil 0l_jVjJI 
UJ I JjjIj *tj_«) 4jjl_J» 4*>jJ| ^Uj CjUuI ,L_*lM ,Ju* ^ CjjJ__j 

f ji*J1 U^^lC^L-i-Uw j^j^jlk Jlc^j.(3i_^jLu.jt 
JjUJj UU*o ^l 4__uVl j__l_ 5>aU. 2 j__J1 c^K<j£lj . i^jjj^Jt 
t-l] Ij-*** |j_J 3 j^Ut l ,j_» YjJ ^jJI jljjl>JI JJjJI jUlul JU __* 

* 4jL_tt j_lu_u ^JLc 1j_lu_vj i Jl>. ^___lt 

(jjt - CjIjjj_3*V| 4j ,„jU l U . rt 4_u,| jj J__aj JU J_*J| JJjJt j— stjJ 
iJ\ >UJt L^j - 4^uJLiJt Ot n.UJl j j~- M 1 CjL_Lc .-jlr l mt 

._-j_J c^okLill JL*1I Ja ___J1 J-~Vl J* 431 j J<_J1 I j___ 
<jj_J| CiLjj>jjt |j^« 1j_J J!uu J|j3V 4jL___- cxjI_: £ jJI 4(J _^1 
C^u-^b^J (1991-1904) j_^L^ j£T juj .^^^^Wl 
tJJjjt ,:>L-cl JU LiUt Ijj*aj LjUT (jj-jJjil *Ui*JI ^ c>-i>±6 
g-j_-ij *Sj*itl cjLVjJI ^l L_aLUI ^»— ^lj cdLu 5UI ...t i ^ 
UU^Sj^j^^^^j^JI (j^-JI oUbS^ j^ljt^j-^L-JJ 
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5 jSLiJI ^j . Ujljjt v J^ 11 JO^' 1946 f 

^jJI ,(1980-1907) jj** ^UujJI *W>^ H u 

V ... : UI-,; A JjjuU JLL->L ii^U. oLjI23 JU* ^ ^J^ 1 J^* cU^ 

oLiuujt >.tjt .V->"j u i;ai ^uiVi <>■ UijU^ ^l-^ji 

^ lju>a J£>. O-p* * JjjjjjJ 4jlaL&j Jajj jJ^jj <<j£> — O^' 

jsi>- jija3 £bi *jL*l ^ jVi ^^^^uLLiii juxt Ji^ 1 

J^Jl oljLu ...» 3 jUu) jUJI J5L--J1 i_-iat J^J 3 

^l ol.H ...O^ !>» JjVl u^J.(j4^ ^ (jljJ^-Jlj 

4SOJLb ^jUI er-SLh^l Uj ^ *S*S-i ^J <<>t>-^ 

Jjt *\ eH^I e^J^?' V J— » ^ 3^1 

.^JlA j^LjjJI 3l£bfc* o LU c . 

0 t ^ 4jjj^VI a : ....Ul;:tl oL_u,Lf» c,n .V? 3jiaJ1 * j-* J^j 
^jl* ^ jji^L ^UJI <Lj.jjJI oli 4_J ^jVI ^ mhU LUI JLUI 
Sjjj^ ^ L^LlJjl JU jjrr.rttl . . UhmTi .2Lui»U1 cJJt 100 J1 olji^Jl 

ot jjj*xjj ^jVl 3>^l <y> . jljjUI jt sj^i* 5jL 

t ^ ^jJI u . mhULUI JUJI J^*JL» Jii^3 ^ L^j* 

4^jj o^Llajj-JI OC-^LJt tj^J ..mU LUL» <jb^j 4*-^ c^J 
tjjuJ Dl«L ^ ^ja* I j JL-*3l ^ Sj^ ^Lp. ^l^) l^L^ 

jj^-» <J> ^jj^^' aj..,jUhtit ^\ <jt \ j*£* t ( J-^j^j ^^dj^J 

I jl»j t( jJkt jJI - f JUJtl 4^j3 <j^ uj£ <j£*? f ^ 

oliJo OJL*^ jt Juu-U^j Ujjla^t jjA JL9 j> '-n^W jt JUJ.I jt^ 

^ oL^Lu Uit jjuj L IjA2^I ^t ^lji: ^l «j^ *i>J^ 

jjUii ^mmLlui jiwj ji^ ^jJj^>ji c^ut ^ c>- 

. Lu^j^ o^^j ^ji^Jlj ^L-^JI oWUSll ti^ 'f jJ' jA L-l 
Jjl>JI jlit ^ jJI ja fuaUt ^^^jJ^Lilt JjJjJI I juk <jf Sjl^yb jjJjhJIj 
(jj^JI oLum .« 2b1 ju Jjl>J1 t>ujJUj cr^-j • ^dL^I l*j>>lt <jf-A> 
^ Sij^UI jj^—" ^n.UiUI oUUTiM (ji^JI ^jiel^lj .^jjJuJI 
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«3__U_-JI oUj_____*» _j «u_.it (jj__J ^yj^l (j^UI <-_■ l^liu 4JUj? 

0_L_> <jt 'j^JJ '--1 J-aJI 3_uj jj-__- 3_Lc| 4ol-vc 0>l__>j -_a 1 fl-.S.lt-.l 

.j-uLji) o!jj___j JjUj 
<jL*-JI oUa _L- <j__ L___ij__, ,«itj^> jjj__3 t_j ju_. 4_____ Jl jjJJ __lcj 

Ju_ JUJI tj-__ (jK jJLSj ,_>__jSU 4^_______J| Sj____j_}| (___ Jio_ (_l!l 

^ f- UUj <j_u£ j_- _Jj L__voL_ __lj_| 4__JtL_l V j->JI 

Cr- Ot^ CjL->ljiJ| jj__». 4^v|jJl J^ u»L__^| (_JJ ^LsJ | _,£_ « Juu 
tCjll rtJ^U _U , , , , C->U JLSjj U JuJLsbH 4>»jjUI Lo.jJj__lf| t__| __s_____,| 
jf 3_6jJI Cjt__-vjJJ JjUJj 4__jjj___J| CjL-jIL _--_ljll JUJ_-_ 4_____L__. 

ja Lp.jJjj__J| f 1__J_i___^V j_.UJI (jS^ ^j <(jLj__JI) (__j__J| ji, ,„t,l 

JUu - j_iL>Jl Ji '3j___U« CjL__Ij*JI «ftlj* . «1 __3 4_uL jJI ■ ^ 

J >_ft flU <4_i3-L (jja ,LcU_4 dJjj <_LJU £__J aisjL- p .._ jj_ - __jj_>JI 
JjJ_*_J (Jjj-OJI (jC 4jjj\_J1 CjU-L_J| ^UlAl jjJ_- (___) L___j!j ,___ jjjl 
Cj?Ju _-_JI L^jJj___JI (_A_Ou_j .CjLusIjjJI L$j_i _-___*_ ___JI _— JsljJU 

jL_Jl jLj5 jJU- -UJ-soj f__j ___» j___v __L_J| (jj_JI CjLLu>__ 4j_4_ 

JL_w 4 1 < nl , r , Jixu 5jjL 4_<>j]_l_ _j_wj (j__ _>_>_>. 4_j.jj Cj_L_Ij ,oL_a_>_-JUj 

Jj ,<____!__ _M J__j_-JL1 J____t (_j| aj_jU ______ jcu. V , J__pai * ___. 

CJ_L^__J .J-_- _M j_S_J| < rtimU (__» t ij_--JI _j_wJ1 *U__u U L4L» J-__jj 

Ji* j& 4-aj_ v; ,„u L_wjjji__j| ___, >LU >• a_ul_Jl a_jUJl ^j-*-' 
j-j_»jj <-3» j1j-*l__VI ____. 3_jLJ1 V j_>J1 c_-_j_____j t JU__>I (>, ^j-JI I j__ 
a_,jj_JI cjL__1j_JI c* v <* \ _J <^j_i U j_-_ __J__ Jjj_uJ1 (>, JU ^j_____>, 

^laJ ^j^j^ j^» (jl J__i| J_j__, ^J^ j-^__ij .^1 ,, -rJI CjUj___L« ^Jt] 
J& j _J_ —Jf 100 4j| j__ ^lj^y- C-iJu 3_L_3_lXl CjL_jJI ___ oU_u>JLl 

.Sjoi.-» 4 ^ ,„ __U_ujj ,26 4_l_ (j_l_UJI ^LL jjlc ^JLjj , 1941 ^UJI 
__J| 4_^ (j__UUJI ^LL jljj ,LjoU 4_^lj^cJL_j 1948 (.L-jJI ___. (jSJj 
^_i_» j_.Ij-j (jf U_j_« ^ ^__J (^..^L j . ^^(j.L-u. _jj _ 4_r>l__4l -_, ,250 

_y»j .oL__a_-J| (jjj\___ ^ (j__-,LJI -j-jaJj (j__i^S____ _U>-Jl _tjl j_J,| 

.LeGrand,>-|._.j_| (0) 
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£_ jl I jj_j ^—«Wt uj-M oLLuujl ^ u^jJj^' jt <_aj>*XI 

ij^ j 2u,uj| ^>jJi jL_.f 6l uV <u^' r jif Juj *lxi 

*LJLl jbui (jt ^ 21cjJ_ l^L J-u_VI lj__J .L_^ai 1 j— - 

U* _J_U ^l 4*jJl5,II _jL_*j_!I <j- ^U»_j 5L__* (ij^.Vl 

t ^fl . ff > £jl >b ^JUU Sjo__ jj_ 4_iL c_jSj tJ jAjJI i^-u (jJa a_«jLJI 
<___( jJI t£l j ZU- jVl 5 j__J1 ^L_j lOj 5 c& 

I .-. A ^<tj - ^ljUJt 5j__> J?U t _ilj_«jl_JI _i1 j-__ li_*-_ J-aj 

rt Un r Juuj *_xpJLl £— ■ u-« -jLL- ^k. Jj__>JI j_j j___^1 J< 

j-Mj ..»t l. ... ^_| (jji i2u_ j 2beJj _ J__) JL>JJ jj tOlUj^flll m i I I 

dLJLl £_* ^ jjjfc,i^11 £±*>» u^ U}-Ai • — »Ij— Jl <_*Ij>- c>» — - iit W- 4 
L^jJja^. J__ ^pJI <_ax>ll (_alj*J SjjU* L^jj_.1 <jb 'ui?--' 4jj_> 
jjjuU jU_ jjl*j oLJLl JL_J ^-jjJI _>L_J1 _u>. *__- oL^ 

L^j3. l^jt- -1L_ jj^.^11 t, u l JLij I j__j i4,u_jVl Sj____]| 
C_l< J_j ^-JL-sjj CjJu*^ u^ ^>J^- UjjLu» ut (j-Uw *U— *t SjjJja 

~_JLl oLU _-_-j!j .2UljJ1 Magma - (U_UI) 3jW__1 <>* Lj^ 
f& 7 j 5 u^ L* J_*j u^j^' v^ oMjVjU ( _«j\ ! t__JI 
^L.-y ^ Jj_j jJt ciljUJI S j-__ </U >«; 3jjLl* 1 jl_ ^LUpJLl __*_ 
.(,_" 90j 80 uru U CJ I jii <_1 j_J1 Sj-^ dl^ a \ y) ^ 34 

jl>cJf3Luij1 JjUi^Jj^j 

1«U u- ,(1969-1906) ^jU (^^1 (^jJjj^JI t LkL_^t 
Sjj-o LJ j^l_J L^liU Ja i*l_UI jj___! i^-J *'j>^ (J^ *u j^ '""i J^ 
4j_>jl jJUj» a — uil ^jj^JI IJ_, J**jj . 1960 r LJI (> oU jj 
(j_ ^JL olUpJLl JL_*>. J_->U (jL. £jj*-l 1~* up^jj . ( *^jL_*JI 
u-jjJI jj»j- u* ^^-) t>j^1 ^UJI SjUI t> J*>JI ^iljLu 
c_*J j^l jJI JajJI j-* cr-^ c^l J-- 3 CjT-1 ( S J— «^* ^L-JI 5j___SJI 0*3 
*L* jl u- 4Jj_l c/jJ1 er-JLL <_L__ c. .,J ^aIjJI S^UI « j_»j .jJ___J1 
.^1961 f UJi j>_u ^ Vjl j«_ «ji_Jt iu^jl jj_!» ^ii--* (*) 
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i^ii tJcuj L$1ju>_ ^l ^.jjJb <_>.___, t^-J oLLpJI 
J_L__J| jjl*^ . ( * ) 6 ^La]| ^l^JI MalS «LuSu t J*>Jt ;LL_ 
SjUI , j_> <U>U j_^u ^ jj| ___jju tCJ lWLI Jl_a* J___,>L_ <_1_ Sj>__ 

4*_l_ <JL>J1 3J__L_ _-« _,__ j_J__, _J_£jj -U,.,t | ^l 

jj-u_JI __*>. < W^, <j_. | __,j__>. tff __!j _j|jL_-J| 

tpilt fJ_-Vl j_i___!l Uiu ^jJI JL>JI J_^ ejj., ju*ij Ij^ ^j^l 

< JL>J1 J__}L_ ^ 3JJJU <jj£i _rti_J| (jrU>L ClLo jfolj___ jL_«Oj_U_J 
4>.U 4*j C_uuJj .2jbJL>Jl 5jLU _ ^rn.ri"] dJL_ _Jj L^_> ^ ^ 

ol <olWJ a^j^l 3j____iJI ^ UISL« U„,^l oljLJI j___- _j_J 
J_*>UI _^j ._D_ a_Jj JJj _*_ cJ____ <<J olUiUI ;l__j| -__„ oLLu. 

£l_«jj c-L Ja_j 4_jjJ_J| tf j^j oL__ <__| 3jbJL>JI 0__u>JU (j_,jf 3 j_i_ _,f 

4-.j__j| _i__: ^lj^. L^ ^ .5jl_--JI ^ 2 <_Jlj_. Jju_^ ^ ,JUVl 
ur- jijA j-C-_f *!___,? ____, jl>_j . jUj_t L_^ JU <___II 
oL*_Wl j Uoj ^ ____ 6j_i jMja _J c> JLI, <«__-A>J1 __,__! <j_Jj 
}LJ_ o-^ f^ Uiu I jla ^L>t_U <L_*L_Vl (j_-lj_J1 l-L 1 ■ a^LJI 

iuL__»JI 4_LL_v _J__j _j? 4j_u,jjj <__|jJ| J& ^j_ju L -^jj Ij___Lxi 

jUja j__Jj .ol__**_4J ^__jVl 3j___dJ ^L. oLL_ ^ ;,un„ fl Ll_jl 

-_jj__« jA L 3jJ_ t-^u __Jjj ^jj*. (_- oU_a>JJ _^lj_wf j_x^ j__ _Jj 

^jJI j-oVl ( >L»-T L ltn ,„ 1 (j-uA oljLoj v Lr, .J juu _£Jj . 1 f*j 
\*A oLLoJJ __,lj>4 _;j_ L_tu_,| ( _^jj___J| _j_J| ol.in ,„ J_v j^j^i 

L-j-v 4Jj^_4 l4_a_j oljLJI -Ua» ^LUI 4-,>j\J| JA jujUI J*_J| ^lj^ 

.JkpJL! oLju*» 5j___j (jj_i« J_L_j S^tim JL_u>U 

o-O^I C__j^ (j^ er^ V 1 jla 1-JL_wT u<( ,IUVl ^j^ l.jj 

jy^. (--uJl-^l (jj-- J i <n!TA IajW V_-_JL _JUlII (__ j_-| 

(_Aj *<j_»jVl j_w_ <j* 4.U1 5 Ljj__ J_Lj L j! t 4l ,„ (jj^jL ^L 

>^-_- ^ uf lo _jVl c_^_J iuLUt 5^U| l^L-l oL___UI Iju* _Vl _v*j 
*L_T __jVl Jj__U « V>-J1» ^jX\ JL-ljj J>_w _- ^jSjI ^LL* 

J,H-l_i o- jui_JI Jl* L*£u . Ll_SH Jl*_ V u_ i Ju_>U5 _li c__.SU __J .s^UI V j_j| 
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3jl-L-o Ja^JI oljLu (j! t_fljjuj.cjLj.UaJI ^jjb L$j cr^J ^ 3 j '"'H 
■ jJI j__iL*J1j .j^wU ^ U L-^i 'o-UVl (_A 

^Aaj ^ 4j! ^-A 4j!j J—* jL-Jl 4-u^jl jJ-^U i_yuJt £.j_- AJ ^ Cr-» 1 ^' 
1j_u_* *-.t..* (^jL^JI J_vpJ.1 4^U jljiLal ^^Jc 4j_>L-) ^juji *i_~jt 
c-iJjjlj t K -i i v j-Sl 4jjI^ 5 _1 j*. c->- 4_uibj S jU^^ a 3j — _) 
LiJ j-_jj ^mantle ^j^l j£>j 3j_«--JI c*j U 4_tjJl 4_ui_J! <jjj U 
j? tc dUJ1 <> *L*jV1 cdJ 3 JaaJI SjLijL_i 4jj_v*-« jjjLU -je-j 1 j-* 
^ _Lu*j o-Ut <*-*Lhj J)V) -OJj-" j_^ 

_L_-J1 J_j Cj j^Jo UjL» juijoWUlJ 2UjU«jj> JJ^JJ_-£ 4-VJ-*Jl 

<jj-U1j 2U-jVl 3 j-_J1 2U1. <> *j_j* <j-> ^LJI * ( *\-SliJI tf T ^jj— J1 
^.JU Vl D | ^crjjL jjjl>J1j 0 UJ1 4*_ jl jj_a<>* 4^jJ1 Ij^j 

oj-O— -I 1 Mj . J*— « J* —^-1*11 *W*XI Uiu <£__- iVI ^ j-U 
UjSuJ oU^^j aUth.ni... ^ljJI ^ Lu*Tj lS*i>*t u£ <**U -H » 
4jL*J1 4L-u*%ua jj*J1 J~— j **LuVi ojl- <ya .Sjljjlcw Ut SjLa 
3 j-__J1 £Ju_£ ^Ji l£ jjj j-L* JsLAlJ jljjl>. <*jB? Ua^ ji^ 5J»J-*0ll 
^jjjjJI 5 jj>kJ! 4+z <j_. l^ L2jjiil J~-v- <--_-v; ^ jJIj *4^__jVl 

. LSj_- ^-Lll 

_U__i j: L__jt <jlSUVI t^— T *^j>mJI jj— » t-aj 
jj3 j w --lL SH ^LojI ^ j! — j* i LujjijJK <> ch-U^ jLu. Ju 
oj^^pJlj^lUI ,Vi J5t jjL^SLSJal» jjL*nJ *il^l ^ LSw-jj^T 

^ L^j^ jrt—JI c>U>U Ci_U JlLo (jl^ t( Jjl_— Jl ^ Sjj^j^ 

>Uj ^Lj^T uU Jl^ 4^___ ^l 3ji-II Jl^j .^UJI J-j^J.1 o^j^ 

(^jjwjJjj^JI ^Aiu gj U j^*j ^k. *5JUJ-*JI jl—*Vl ^JJ L , j1j,nrt1 
2Lu->j^1 3j_ Aatl J^oJjj*-! ^ljJLI *Jla M .~Ji Ljr— 

Ljj-_ c-aj «ii-JI s Cil jmii; ,„ ^-_j 4 , ,„;.i (j—juJI U'^v SjjU-u 

(jA >U_3 4 4jjUJI ^>.jJ1 ^ JLJJL>J1 JJJ—-J 2UjMJI U-—J CiUj-uJI 

J__ 3jj_» ^ ijbt CcAj fJ «V-— 1 1» c^J^* V^ uT J?Ji uUjj l—djl 

. ,Lb ^Jjl» (JiJi 4,uU^I ,>» 5 j>^L ^ . LuLb ILL-t : Lia^ ^ (Tectonic) ^j-i (») 
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'-^^ IjJ4jL I^Jaj^J^jLjUj jj^Lu . ^Jl-j! jjU. 

L ^JJ ^-J ,£JLi| njeal\ 4&LJI ja__«, «U_.Su jLJI SUujjT JJL4U jtj 
JjW Sr4$&t ^cr- 5 - J* ui -J^b^ <--!>. ^ 4jL^ V 

. { * } j^ UT «U** <>l Jb ^jSJI <jSJj 
6- 1 Jja* >L_o* (^T j-£ijl ^ jJI J_JjJI j o^-oa £ jj_*j oi 

2-^jj 4LIS 4jjJ_ £j__o <jL_£j ^jls^JI ^ljJt ^j _»l *L>j> ^L^JUi 
cj^jL-iUI joaI ^ Ijl^Ij j^jjj .aL_-kJ1 4jIju j-U (ji>jVl jjJ_u 
Or* -^J^) c£>^-*L _>•- J— *J 'cU^ jj>3 ^j* ,uj <jt ,j_Lj <> <j 

<jK>~Vl uT^**^^^ j^jjjj ^jujj^^L*. «> «(1942 f UjJI 
L— »j ,1962 ^ Ull ^jl_jj_l*j^ 4jl«L>. ^ ^yujt L_L_JT 2 j—^Lsw 4 jLu 
t 4_i_wj 4JL0. c^T Sj___,UJI . LJLU JIj\jV ^_L^U «jl* 
*i-*Jlj «^jj^iJI JjjJd^ L^^ji^lj4j^Jt1 oMSL-AJI^ j-jLHJI 
£Jj>~u£ ^ o^jVLIjj\j> *LL t^Wj.^jbj^TJJ^^^-c 
'f*J fHi jJ-" eulSj 3j_oLai ^L-bl ojLit 
^juU\j «(1988-1937) ^jU <4ij^ Lji-i -UljjJt cJLU Lajl*T 
oL3Vi «jj__,ij ,(1931 r ui ^ jjjjJLi) ^jjSl jlIj^jjj 4_jl__,j 

*L»_I cjL>LjI ____ JJjJI i=ujj ^ j jjl~4 J-*_. jL_)? ^LJI ^UJI 

.4jjL_JI 4_->.j_J jL*JI Aj^j! JJUj- JTJJ-wj 4jj_ j_M 4j^j>LUI 

—LjLII 4_J_"^ljj ^j (< jjj__jJI ^jjjill ohiu ,„ jJk* Jj_Ljj 
_j«*JI oLu «_1jL_J| ^ 5 ,u"...U ^ jVl 5, ,,mULl^ ^jjLl ^ s jSIjH! 
r t tV ' n ,) J 'jL^JI ^ 4j ,,hL LUI ^jj*: 4_jL («u-^- jJ 

Jj! CjIjjj tnjUilLn (J-jLS Sj^! JJ>U ^jjL—jj | JL4 ^ jjl». LJI 

^J^- ^JLS ^jLjM Jaj^m JjjL JLi ^ 4Au^> ^ 4JUc 

oUUc. o_™?j . ISjja (jlj^ JLo. 4UU ^L, JUj.jJjj^ 4ikla Jj* 

r Vl oljLSiJ ^lj—JI ,ULJt 5jUj oLW oL juiy JJ jJI ^ Js^ L a_^5 (♦) 

SjUJI j-Lo lo* 4L_, ^ JJU ij ^j^l t M J^iVl JJjJI i*jj_l 

**4_1 6pi4«aa^JJjJlc^jJ^^ J^j^U jJu |j^ J .U f uL t _J J V! f Vl 
.lyUll 4^j>jU jjjIjJI ^^jJI j^UJI «Ci^U^ilJI ^ Vj ^ L. 4™ i^j^UI 

• r 1967 Lrhi>^ oj* t* ^jjU^ (*#) 
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tJ *j\ g-ia j± * ■ . ■■jUt * oijUu» J«u^» J~^ u^ 

jt JojloiJt J^t <> J^jJj " JU— - U CitjUuuit 4*2j 

^ T jjt u uijj.at (^aLuat juw ^ Jou*s j^at 

,.V Ja*.jJj .4j>UJtl 4-j.. ..nUtuUt JtiuJ Jji^Jt ^ OJ^ ^J^ 

jj-u&L oUUttl J^t J^ ^ .Uwj^ t> J*Ui 3j>^ U*-—J 
^ LujjiSJJ iULiJLt ^iuJt S >^ 4fA> <u^W *J 

C^iJ^ JaU»Vl *JL-A L^i U-J^ U J U^ V^jj -L^J-^ 1 

JU* =" ^ Jiju2 5 j*u*Ul 3j_^l <jt Wbj oL-**H J ^ 
. l«3j j>bjVt JUUJ 4JbLUI 4, umULuUL Ja^uJ j£_uuj 

^jSu^^JaLiat juu ot ^b^ 1 J "" " iU J^' o^j 

U U .^Uj *Ui u-J*J^ 'Mj - 0- 0-** 

j^pJLt J*. 3, .„.UL*1I otjUuJLl Ja^ £>f <6d>-i er^ 1 
L^ ^t iu^jVt 4, ,„,ULai *U3I cjbM^t Ja*L 4Ujj ^ 

J.L^U^J^u^^ 1 ^W^M^^>J^ u J A J t ^^ , ^ t ^ ^, 

U.—^ j : Uti .j>.M1 ^uuUUai £?jLJt jjj^J Ji^ ub 
Jl^iUU^U^ jlu^^l^Dj^^J-^' ja^ul^io-uA 

ju»ji ,ju* ^u jl^i ^ ^jubLiu (iiii 4 , n ., u uut J^ uji * J~*i» 
^ ^UJI J*. „ jlaLuu jJt ^ Sjj^» j! 3T>* uj^s-^ 

U L 5 A^ .ilt tj^U IjLjSt» uj£» <Jsj— uii it J-A J-up tijj . JL*Jt 3. 1 . . . t.. . 

.^j^t v*j£ ^J^ Ijlu* Uuoj Ju, j~Jt ^U jj^ ^ 

* 1963 r UJt autat 3jjjL»at oUjUit «^l Jj^' o-^f 
.a^UJt su>.jJt j j L^Jt a^jt ^ cyc j^t u>uia 

SjjkUa, ^ Ll_S^I i*5 oSJ St jjk til_i ur^ j-^i {#) 

.jLu ^ ^ J.t-^, ^ .ui>Vt ^ J5l—Jt ^l J-e «i^ 1 ^ 1 ^^ 1 

T>, Lul-W ^Lb-» W ut ^ jjall £»t j-UI j-Vlj -u^LU* ^ 15 

^ U^J .{Magnetic reversals) a^-J^ ^ ^ J 51 *' ^ ^ 

. ^i^SUI 4*j ^ i^. 1 1 tpJt ^—^ 1 1^ 1 s Oi^ ^J^^ UU ^' 
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<J>"4i_J JUt>» d>-*&\ *t±H-aJI f*JU J <j~"xA> oj^k 

oUjJLUI (oJUII *-*_! JS<>. Ij^3j_UJ1 Ijjj__ t (1993-1908) 

*-i> Lt— ■ lj*L__-_«lj i 4u„tU\l%\\ <j_i 3L_-H1 SJbJL»J1 
«j-bt-JI 0>^4ii W*-* l^I * J . .. A jJl -_UL*_u,Vl <jru <> J_*_j .JUii. 
4_^L_J CU__J ^__1L Vl £_ ^ SjlULI -JJ_ Jla JUk 21. ..I... JJL ^ 

«j-- 4_J> <jj_£3 <j I ^jl^ ^SJ 3 1 1 4J__1« 4lu_ _____ o J-- 

*L___! <« . j U LSij) Ujuoju Ijluu LjU. c_*u)f 3_jjo_~ __ULL__ 
Jj , Liu^a ;i_j__lj jL-U ljj__ <j__ ^J \^\£ t (Transform faults Jj__UI 

L-ujj 1jj_ j>J!j <_,__>. __Jj Uo* ^Sj ^sjj aJSU ^ 
, j___Vi *:__ ___ sjljji*ji 4__u__iL aiuui *j_c_ _ i <j- jj& j :; ., 

u-Vl j__? _JL_ -J _ jdJ (Plate) «4__j___>,, - tt ,*\ ... ^ jj| ^ 

t aj_ 5f _ai 3j___JI) 3j______XI L^j^^^j^Uj^ l^^^^^t 

it-oj! _J_^4_j__La Jj_ JjubiiJj^^lj(L«UAt— ' j! <a_jjUJ1jf 

.^L-J|;L->j\JIjjL_J| 
f UJI^ jUJISUuaj! _jl«_ ^j^JJ^IjJI ^jULU! JJjJI jJiljjj 
cruUII __L*j Vl 4',i« ,„ c?la ____ ___*_. JjjJ» j>J! -L_J jj J965 

:U__L_ j^ a^ j«i v nnU U^ £______ oLLuc __M_ (Eltanin) 

«-.rt.^ j .<j;_L$J1 J^pJLl Jj <*__,L -_»j_u JUk 
LpW jU^JI (jjui Jj <__ 4j.,.jUL_U1 oljUuII Jij*U <jL_iu 
_-_-__: L^SJ * _jJb ^,|ja JU- 4J__J__ (___ 4j,„jUUU1 __1jL__Uj 

Cr^U. J__T _-___- Ja^JJI (j__ t( j^UJ| (ji__j £___| j J_U_ <j_ 1 - V? 
U 1-1 __,**_» *J__J| (>>, jiwVl c^UJI (JLc >U nilt STj-a 3jj__» t J_U| 

jl>J JU>J1 41 ,,.l.., (^jJI J__iJ| J j_u| ^ J__il j_ij| L_JjjL_ 
cv Jdj^ cr^ -*_U!j ^j_>.Vl U^ju js: jUlku (jj-,Un;T1 
c> --a*Ui c^uj^^l (^j-^j^i jU_VI £L_4_^1 *__>! 1966 f Uil 
4^jj ^ (Science) «^a-JI» Ujj___ «W-UJI j>Ui_1j 

. j-MJ» c-seJjLl t__JL___T _t__J 
. W. C. Pitraan and J. P. Heiitzler, Science, Vol. 154. pp. 1164 -71, 1966 jJ_il (#) 
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£»jt_t*^¥^a2j— * 

JJ jJt j_*_fc <> ^JolKUI jlAJjl Jjlol .* L~Vl oJj* <_- 

5 : ^ : U-,t ia^L,JI^ jtjGeodeasy^^ wJI^. >*«S)lj^7^»1^0 

jJI ^jij^JI JJ jJI u! J^l V^jVl 
oLijj-^ 1*_jL_- ^511 £V-1 oM_-»_* ^J- i__j 4*>jJ1 Sj--f 
^Jc l«i SjbjUt J*lj*J1j *>>jJI 4j__» ioiJ-t"^ uj-I °W^J 
r UII ^ <_*__j * 1963 r UI ^d^ir^ ^J^ V~-l 

, 4f\\ \ 4jju>s*}\ ^ 4jj_I 4_>jJI <j— 2jI SjJj ^-J-Ii lt 1 -! 

0-" j-ftl j^bii ut » J-U 'LhP^ h*M J-*^ ^ 

jjj_JI 4jjJ 'b>* ^ ^ 1 "^! C^i 5 ^ C- 11 ^ 

«ujjjs ja-u- u iM c~»j___-1j . L~W f Vl b-- ---W 

J_ ^ L_*Vt 4j>J 4-u_bj *J---- lt— L__,> Ijajj_>* l*^» oW^W 
J*j t «4-iU_« J_*U pUJI 3jt__l 4jUc JUj .(jAjjI 5 J- C-— 

4iU_4J llijjj ^S- o>__U ^JJ (^b 'crM^' 

y,: ,a 2L_-_J I^JjUj C.r»- ^j- 4_juo 4^j_J1 — >Jjj .Sjbtl* jj- 4_j_j_»jjj 
^UJI ^ <j_J j; jjaJI J*- IjyJ^- <- 4^__J ^AJ .CiljUJI 

ja U J*Jj t 4_jjjj_J?1 i-__-l j*JL> o*Jj- jj» _j]I)jV a-L-Ut u-" * 1964 
4j^JbU ^> 1 J-SK * UU £ryujf J^ J— Jl O— - O-- J^i 

Ltj < bU I Ji-U 4jjUJ1 4>>jJI ^jj-j* JjJjJI j~*L_. ^**»- ,>U 

OjIjj ( * } 1965 f UJ1 ^ SjJjSall J jVjJ 4iLU oi^ V-^l ^ 
.4jjUJ1 4^->jJI 4jjJi: jjlaj SLu^ ^> 4^-U 4Jk*K 


jJu^j 4jjUJ1 4^>jiJ ^t JJI JJjJI ^--t 1966 r UJ1 4_;Uj 

^ djj^Lui ^w^j juju ^ ^ ub 'UUS Uii- ^UJj jL_ *jJI 4_l-5j! 

^LJI ^jLl-A (>* ^Ji--Jt 4_4jJ_Vt ^JJ-u^J . 4_Ul^ SJj^Ij 4_*> 

. A Symposium on Continental Drift ,.^Ull ^j^l uiUi» .jjjSjjj 'Jj^ '«=^^ (♦) 

. 1280-1276 .216 jd« (*) 
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J* JSIj Vl IjijSJ |j_^L___j ,3 K AnU _>-»j _ I ^ ,ljja_j 05-^1*11 

o1jJ_£jJI 4_^jOJ J^*J| tluJ--) ^j-LSU (jt- tjLu-JI ^mhSj.^Ij! j_$_ 

_-_, j___ ^ jJI jijL ojjjj 4Vjj (1966 f UJ I l^ic J___» 

LU____, 4^ r a_j , ( * } 1967 r UJl ^ (Nature) «j ,y,/„ 41^* <__ 

*JVj_j (Plate Tectonic)i^jVl £_L___ji 4Jj_£ j_> Ijl-jjl* 
^-SLj^jj^JI ______ I }U____ LiuJ a^.t ^- ... h, 2Uj_» 

<jVl __jjj_, jj. U- ^jL^JI ___pj;l 4 -.^,.» - ^jl^JI .U^t | 2 sL>:t 
3j_0J jJjj? **<->>_) SjS" 4_t___ ^-jLL^JI _J j_*_ SLSjjJ^ *j__ ___ 

4_5U* SjSjs «uj^-l* *~>U. <> <<jUu>- Ojm-"^ J^>3j .(SUjI_JI 

f jL SjJ^ ^ J"™" Uj Jlj- - C_jl_" (jSJ ,jj Af 4j___j juu i 
l_L_U 4JJ jt___y U j_> I J-Aj *(_#» _-*J £j__.j* Jlj- _j) IaJ I^ ... I 

• r UJI 4jL«j -__* e_U__l ^l . ( ** ) t u i,jVl ^j-tc <__ SjjUI» 4_Jf ____ 

LJIjJj 4-_L«J1 ^UI <jl >A 4j__*j_1 ^Li___]1 (4jjoJb) 4^j___ j__j_wj 

cu__-) 4j__, ~_U__ 4_J> L*jV 4__U <_a U_i 4j__j_I 3 j__1 <___ 
(,yk^J<U4? Ua£ 3j-uL_o 4 ^jn,^ 3 j — j__ USI ^lj^j^j^^SU^ 
<> -<__- 4-J> 3j___-!j As^ulud <jj_o J3j.(4_^jVl Sj Ctl- >L ... J< 
J_L__JI 4ju__? <j_J . U^jK jf 5 jl_ 3U__jf S j___fl jf 4^jf 5 j____ 

j-k. _jo__j UjI Aj^jV| SjSJI -__*_, <>_ ^ jJI ^l ^jjj^l 
^ 4JLLJI __lj__J|j .-JU__J| ___lj__ - ^U__H c& SUSIjJI _jjl_»JI 
_UjvU_ -lic 3_u_u^ 4jU,^ rt 3j_^ ( Ufj L^.l^jjjSju^pJI JLUI 
UIj*JI __Ij_*JI Ut .Ort-AjiJI c>* ^ ^ ^J-*lij ^Uj^.ll 

U^JI cj» Ji_t 4^^ jJSJLu ^l ^ 4jj^ajOJI jf 

^UI ^ <jK j^U 5^.jj 45 ^jjljj (jojiJ lij-i.yi 

^WI^^UIIc^lj^lj.j^l^SjL^JI jT^UI,,^ 
W^LL^ ^ Vj 4jjl*2_^ U^Sj_iiJ| ojS^ ^^1 

. 1280-1276 ^ ,216 (*) 
|WI ^mS ^ 0 l£»Vl ^ at joLj «Sj^ ^ ,j Uif (# #) 

(■ll ,^«11 r J_lU jtull j^itl Jij Sjuj* jlSLJel L_™b v Lj ^ ^ 3a_,„>J| 
*fW 'iJt^ H oi^\ ^U-vVI ,U1_ SjjL^T Uj-tj*. ^ (_* oljj-l 


j-*j <J*- Obj^' *L3t j-L^b Lajls*? JjLIU <-_jl**-^ «JJ 
>LJj (jT j£jJL jjj_>JIj .^ljjjut <jL" _t jcul ^k. ^jJI <-jo__j La 

<___i 2L2j1 ui jb_j (jb-^J 4*jjl9 JLo. J — cu^L^ j^kj (^k. JjJjJI J— 1» 

__,L-JJ1) ^j-S-JI J_»L--__II I jjb J^ (jt ^jj Ui) fJJ Jt oljL-JI J___- J j 

C____> JjSj^JL9(j-aj JlU L^b__JL3tJ Jlo (Sj — __-J1 4-UJ j_ii_J (j-aLiJl 
,"^U^_" ^jjSJI 4_«j JLoJI c_j|jL_JI <jt 1 £__* jjj * L^jL f Vl 3 jt — -Jt 
OJtUJI d_>L___tl jJjtb i___ie_« J_»U>_t > t - ■-*-- L$xjj_Cj jLuj <-_lj-« 3jU£ 
. JL*. ^J-L jZLuJLt jj£ <j-»j^1 <-«5j^ (_-_-£■ Lajj 



w -tu Vi 4*1« ljj^UJL. Lu»",„ a cjIjUU jjV^ i_jl__- - 34 

c-j-T 1969 f L_jJI 1_uU_-j>j a^j-ill SL^wUJI < _:_ ,„ t UjlLcj 

jls ( 2Lu^jVl ^jLLloJI 4_Jj^j Ll* (JJJj 2L»j\*JI 2L-uj <jL<__- , 1 aj-A 

4jjju5J1 -___*----lt tUUlil ItS t 2L_$Jt1 L_ib____»t «JjJ SLSjJta 4juLi CAi^j 

^"rtj^,^ j_^o U j_*j <_-lc. L$J__ j— jjL2j _jj-_-> cibtiu> (___--, 
New .«r.u \.„ j_uj ScientiAc American (jL___jj_-t ^ij^rm l ., < 
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.a^ljAJI l___JI ___, >L^_~, j_»_; ^J L$_f J_o->UI ^SJ .Scientist 

__->t -_,%« Ij^Li |jj «ia.jim ^UJI 4_u_> ^ UljJ ~ f ____tj 

)Luj___i ^ ajuUJI 4^J__JI D L___, _jUoj ^ U Jjt ^ ^UJI ^l 
Uk-oj^ \*o&*J± LL__.p-___j_._jt li]j.4j__*j_| ^U*_JI 

(Understanding «^j Vl ^j^ ^„ l_ ) L_: j ___ 0 f _->,__ , 
^jJI __uil 4j__- 2___JL (^T , 1970 r UJ1 ^ j_____J1 ( *> the Earth) 

<> ^ t*) r 5 ^- <-J^A> i^jVi r jU ^ «Sjjiji» w ^ ... u j^_ 

Cr^ «iJ-SJI ^j^jJI 5j>I^ r,>.Luaf <__J| dj__*ij| <,jL___1 (_______J1 

•Ct^-^I fWJ j-j».Vl fu___J1 jL____'_ t lj t 3_u__»J| 4i^|jJ| SjuiJI 

4jjJ__JI ojiLo, _____ .oljUJI a_>,j__j a__4__>, _-U__,| <♦_ ^jT -j_*-«jj 

^ 1 * <L>J^ V^ 3j-i_4 ^jj-t oU____ JuJL* ^UI £-^J <_---. 

*>L-_j £___jj _jf LJj .Sj-u-JU t_c_^jSJI 4luj 2L__J| oL__l__!l (ju 4_a>UJI 
<jl -_sjjlJ . J__« J}U _,__, tdJij ,3j__LJ1 4jjjJI _ju_ LJ 4jUa L__ 

Jj*j Ja_>J jj>U1 Ju^_jf jj^ ^ 5j ___] ^l^^Uaj^lj JL-J^ilt 

oi .^j-ill JUAJ1 ^ljjtj ^jjJJI JL__JI ^ljjt ^ru ^lj ,__}___. | 
^^J^I^L^^Ioljjj^JLSj^lj LJIji^tj L___J^-___|jJt iikULl 

<3j_ii___JI AjjUjJI jj_-*J1 Jlc UjJUst _____ 1h1-j.uj jjjjjj LjkjjSt 
Jj_>j UjjUJ __Jj J^ V ^lj^ jj3.j ^jlc frc Cr I J _M 5 >____! L___A£ij 
*ji1 -----JJ * « ^lj <jt JLu ,0C-UJVI _£j _jj-- , l 4^jjv _,j_ 

.(_>-Vlj J_i- ^l-.L 6^1 _5jju) ^jUJI __L_ LLl__> Ll a j > ___ _j__-_j 6 t 
jjJjjjj l?u Ul9 <__ij___ll JU-JI __Jj ^^iJI __ij_»JI c> - J^ XUe 

MJ- JU-_i Bj-Lc^ Sjj^^T 4^1j^ pUvf jl>J , 1 "^r jnj 

'cAh^i c> 3j^> a_jij___l ^jjij^ ^L^tj 4aJ--Vi a_kjai 

Ij-I U_2j l__- lajj .oh-^I cjc-j ^h»U-J1 jt o-.j-UJI ^ JJij ^ 

t___» jj *4ju__jVi £_l____ji a_pj_5_i 3U__ ^ ^ ^ ^i^^ 

-U^LIjoljiL ijjji^JI ^j^JI SjUJI csiS ^L_it 4J| ^ -Ajjl^-JI _UljjJ1 
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^jl^I ^jjJJI JU_Jt *Uo1 bST^ Vjl L_T - -*J1 c___1 

^l 4jjjJ_J1 _jJL_JI (jC 4 i1mV» «jjj— ^ _j__ ^«mUT I ^_i_»V1 

4it _v_j * ^bi c^* cri^ 1 4__iJl - LJlj_-l <ya 

v Uat l Llic^ - LJ I j~ m,T __-__! ^^JSoJI _>L__Jt ^ JL jj_ 
U_tJ (2bjUJ1 4*j\>.jJ1 j-yU Uisj) _j_ _j VU__ b£j^j ^jJ^JI 
J£ I jl>. Ijj_ (jLJjjUJI — jj— I Ijl». t_*jjja jl$c j_ -_j . L__L _Uj _*j 
cJtSH L>J 1 6- tft (> _j^ 1 tr^ ^J ^ <A ^j^LtU^ 

oj_ ^ 4__ j-—^ J— — Jl>J -O-^lj - >hf*J ^'j l£A> 

juu y;! * 1924 4_t_1 2uJaJ1 ^ v^ M) -*_-?1 

(j_ U^J^J ^ljj J J^! ^JjL J__ _-_ L>— -^J L>— ^ 

^ t (^VI j S_j (> ___ 4__- 3j_-__ ^Jl*1 J^>J t cr«iJ_1 ^ 1 —-^ 

.Sj__t jjl_ __jM ^i 4^jVi ^SU-Ji 4,uj_3 a^ji. 

c^lj^tj- j^b4__l4^j4_|jUJl4*>jJI u lj--Lj_ i _ ? JI 
<_u£ _ij_>j-*J <j_L>. JS_u 4i_J1 4iujj <>jVl <^_ SLpJl jj_S 

^ __1jl 1j_j t 4__Lu 05*31 j j-_ Jt lj^? ^^LdJ li*^ <J_1 J___ 
_>j— >j SSjljjl^JI _LsL_£VI Ji_fljj^jJLl ^j^tj- j^— — j-V 
u l J^ 4_J «jjJ—JI -_*j c_£ LJ j-__ *u_V1j J^ *<jJSJ^ jJj— — J 0* 

(jr&jjui Jj__J j___a_ <j- -t LLijJ *Lp.jJj-i^ 1—-L — LJj J_J 
(_jjL>- 42jj_ (j_ f> UH _ *j_J ^jJI _JjL>Jt f*_L fQ_J_ jJ 3jL__J 

,j_ I jluj . L_jj J__ ^ _* 0-^1 ^ ^Sj 'C^J ^>- ,( l*>^ j 

.4jJljL>JI jjm«t1 4__ 4_vjI1 

juuIJbjLui j^ t jLdjtJI jjinr ^_fi 

jj__ ot UJ™^ <>* — J— - f-— ' (JJ— 1 J^3 
_jU jA U* j_! tjH— Ul 2j_w» — 1 j— ^ —jJ^. LjjjI ->^>-t 
^ Ijuju " U^.., 2Uifc_. JU^^Lj. j>j>.j j— _Jj cr— JJj ^-^jb *fj^' 
^ c-jti ol UJ J--" c^ 1 ^^M' J^t _L_ U__- f- l^Ua- 
lj_J (>» J5tj! o— « 1jl>.1j a l jl^ y u—*- ol — o— ^ — *^J-3jt 
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^j-_» i> _JI <jl£ (Erratics) aj___J1 4£,_*u_J1 J_£JI ^ ■ U J l__j. , 1 
Ju 4jjJ __jjS_. <jl <__;_-_ s jl_jj ji__M <jSJ , 1787 f UJI (__ <3j* jL-Ih 
<jT _Jlj__j Sj_iUJI c_,1_j <<j_*l_ 4_T ^ ^jJI __i_. t s jS__N ajjb 

J&Jjl\ <jtej--J1 --1jl_-T *>«_-<-_- Uj*__<jS_w4__UJll j__J_JI 
Uj JU»JI <j_C___, ^jj 4j,« Atl 4^1 __j_; U*» <<j_j_JU v bSJI L*__ 

<jl_ <jt ^«j.iU j . 4jJLlL»JI jl$jVl jJ-ljl_ <j_i 4j*j,J1 t_Jj_-Vl 4__ < 

uj^ _l___vi jU__l uiu 1 a_j5jj J jii a_^__ij ui ,„-,„■- Ljj-s ^i js 

_1_ 4Li_ 4J_ I jjl_ ajL_J1 Sjjj^.-tl J&JI j, ,„n-J juUJI jj____ 

1___U <j_C <J jJI t <jjjLk _>_»£> 4±2JI dj__ <jrU (j^» J-J-J .4 JLltl Jkj-uJt 

<jf >jJL jjjl^JI . I jj_^w JL»J aJ 3 jLj * LM <__ *__!__. ^jJI JJjJL 

__J jSj <j____ J-i-LJI <jj_jJ1 CiLLj____ <___ <___> clljU _.j <j_Jj ^.acjjjjJI 

(.3 Vl_U j—iij __tjL____4 JLui! __*juc. _jjj| i( _:_jL j-u -jI^Ijj __jLt_1 
<jl 3^--« ^J.^nll SjjuUJI 2U2JI «jt c-li o---*! jl__U j_» J842 f LJ1 

J_-1j ^ L_ <jL_ I j_A _JJ__ . LjUl <U ,„j r.U^j^J-- Lj_L>. __JL_lal 
UUi -JL_JI 4jjJ___J1 J__J1 <jf 3j_Sji __J) JjjJ j\JjL___ J__»jj <j_, J___3 
<>-_Jl_J( J-L-U <___>_j '4jJuL>J| jL$j-"1 ___iJj < JLiUJI 4rtjn>.tl J& 
3jj____4 __)l_ -Lui}L>Jl (jja 4_ji_<_> M_S <jl <__J1 «Lp*jJj_pJ1 _£_U_» 4jL_> 

4jjlJU __UjT <jj_. 1 <r,U^ <__l1lj .(iceberg) a__i_J1 jl-JUJI JUk <__ 
L-_L- <-_!! 3 1 , „l,„t l <j_J[j . J_U «jl*j-- g;U „, JL. c__-_ (Ice Rafts) 

_£jj-JI )»U__Vl <j_i Tjbj <«J JUi»J1 jj__uJ ^l- ~-_j_u <__J1 UL«£. 

jUx (j-j__ JI_j ^jj oTju Jj i j — ___ ^—l-LJI <jj_JI <___ («LJI U_j_i __ltl 
(*) . .*« 

(jjjjj-u j_uj - <j_v ___% jy (Jjumj^ui 
<jt JLjL>J1 <j-c (j^l l^ c-UI 4_iU>J| <jLjjJ1 <____9 <jjjjj_u J___J 

l^j C-i-cw 4jj^ — _aj 4jj_*J| J^IjjJL j_t_3 <«J __U1 4jjit__Jl £jia _J1 

-fi_»-j Vl jj"irt"t 1 jT -JjjTj * l^jlr 3jib JcJLu- J___U_> <:<____ 2L*j_j t_j jj_ 
^J J.jl> jL^jt 1^ "U"- j_ __j___Cj J J-t-uo Jj-oj j__- L^J C_jS_ 4jT jj_ 
j^i^jL--. j_ <jU _-Jj j_-_Vl *j__<j__ 1815 ,-UJI ^ .4_jjJ_3 
lAj*- ^jj « .""<j <jt ---( Ju <>bt jJt (__»Lj>tl JL». JL__3 J_u lhaJ (#) 

• *lj__Jt #LJi _?_>_. <>- JL^Jl Jji 
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^.^U pJi__" L_ut j^i inlj »(jJJ-J (j-J— cJI jC_J J-*JU jL£ l/ J — ^ 

Sjlx*j (jLaT ojluI ^l Sjj>-__1 ^a^jJj^ oUU_>t 4J 
SjJb <_,_ * 1786 ^UJI ^ya j-ulbjLSi (jj_ o^J^- • ^ 1 "** ' 

«w_,l j__tj 1813 ^UJI ^ tj__uj_ Jc Ji c jj 4J_Jj ^UVl ^jjjj- 

^JJ 4jLp- 4_l_i jT ^jIj ^ ,j_£jj _J__ jnl ,m Ij . 4t ,,n j± 2juu*> 
4jj___J1 J__1»Sj__(jf J^hH^J* - <1855 ^L_ll (^ (_J_jJ (jt 

2j-u_ 4_JU* ^ ^j_uj 5j__ 3jJjU1I jl_4-Vl L«_-__ «4JL_JI 
3j__U t ...^— 

OJJJjjJ J_1 JJ .4__t jJI l*_1 J~ cr^l Lt-' Cr-* Ol *--UJI 

_U__V I J^ (> J_ <>- JJjJI c>J^ ~ 4__L-5___b J__U - 

(j^jLL^a jJbj .(jimi/A (jj.L—C? 4jjj <jw« L___L__« I j j 4 * > J_*JJ *4jJ| 
'Jjr^J 1 JUJI ___> UJ-U *4_$_ 4J _iU_ 4 j .nn j JjJ-» *t — 

(j_luj_ tjiJj .L-j^jJja-*Jb 4__>U«J1 _3jU11 (JA tj j i *v 1j-u-_»j 

(__. UjU jjj_11 <_ ^-111 oULUI ^ tj£l aUj^ Lu t JjJjJL U*jjJ3 

L^il OJ-J ^l j tjJA jUII (j_u_* jJp 4jUj __! I JLou o1j-UjJj£ J__J 

^jJjj^Jt oU__ll (>» ^ljSt) 4jjl}U. oULU 3j-^Vl 4_U-Ut 

<_!} U*JjIj ^JJJ i(4_jJuUJI jUjJU 4jjL^JI _jJl_-»J1 J-_. ____3 
(_3j._J_1jJ1 <_Jj I JLuu 0__J <J_- 4— J JL tUt l jUjV| 4j> O J_«l (j— «j 

(^ Ujj_ (^juUJI ___ _*_f| jj-ua^. ,j! — «1j j_* _M o^ja 1829 ^UJ1 

<j_£j ^ ^ , 3j.jjUt l ^jLJJ a^j ...^...tt 4-i.«.»r»lt i^jj— uJl ^Uo-VI 

JjJLusJt i j n"njl JJ jAj itiJJ JU jJuio JL>.1j (j^sc — i ^J-" ^^1* 

j_ujjjjLS« jj J*^ .jl5LliVl aJJt (jiju 4ju» <jiSLj (jt £x±j* cf jJI ^uJ-2JI 
^uuuiJt Ot jiuJt ^JW ^ 4jjVl (>a JU> ^ (> gjJ^J *S jIjjJI *IjJ 
^jUJt 4-ut^-> (jU ^j— ^JI (> j-uS jJLA ^ 4JL_^J.I (j^jAJ «4jJUJ1 

Ujj) 5 jJLl oJl_^ ^JuSI jjv1 V <j! jjl_ ^jj « 1834 ^UJI ^ 3 jtj.Ut t 

4jt ^J I JL» 4jJLjUJI Ol — «jS/l J— JuJ ^Jj-4J (jt Luj^ " ' I I 
(jUj_JI jLLJ (> 4JL_J1 4jji__J1 J-JI j j mn-A SjjIjJI jUJVl J*J 
jjkj t ^U__Vl (>* (j;u_a_J.I J>i-*^- L>* Ij^b Lrt^.o (j_Jj .(^*_J__t 
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*ii1juJI 'sitij L*+ulu*. 4jf iSj^LoU ( nhr j ^LLaI (jj_u*Lc,T o«aji 

t^b Uj^iij (^— U. ^jjJI jLic - JIjjw^I Q ...->J <ya - 

.*1jujJ1 Ijla (jLij ^Lill (jjjj ^iUj jl>V| 

uTJLjl»»/» ^j>*^IjjUa«I^I tH*JjJ 

^jjj^» J^> jjj '«-^JJJD 0"J>i (j>»> JUajlJI ^l J*>. ^jJt) jjjjiLU 
|j_ tu jj aji ^ - (jT - j-u3>* ^ jJj . Lt jS J j . a LL5» (jl£ (<>*ujJ ^ <-uL 

^jjjJI jjS jjj-wj g^JjutAj j£m3 cr^ v*^' u-oAi * 1807 jjLa 28 ^jj 
^ jJI) jjub^ 2U>UJL dJLLA jMj ^ . 183 1 f UJI (> (^L JJ 
iSjUyi ^uUiaI u f J^j t (l^uL^i (>• liJlajT 4jLp. cluj&\ 

(jr^J »3jm.UI <jJU^uVl ^jjuajj» (jJtLt j_uS. <*a| £J-ua! U (jLc jjlu <y 

jjjLJI jLiu,T Jjul c*jj*. , Ij-uujj^ 3j .,>Lcf jU .1832 *UII 

* JjI — ^JJJ ^yS (j-u — uil u tjjU jjjL» (-katLaj 5juJLx 4jlaU» ^ya w "^'ktl 
Ij^ujj^ ^ *>>JI I JLA < >1irVi l J . <U5 £>CjJ J t — uu j^jJI ^OjJLayi 4 q<,oLc 

**j>J1 Ioa^ IjLcLua^ 1707 ^\ — *J1 jju j| -a^jsj^a-.K^.jti-i 

4UL.I (jLlaj (>«a^ Ji*JL» t^-J — uij J-AJ1 (JJjJUttTu 4jl£ ui <jT (j* <<lC. jJI ^Jc 

^j .(^jjjLLJ! (ji, jjJI ^JL». 3 jjji ^ Sj^ai SjjJa Ijlc Uua) U«<jjjl£JLU 
4Jk.ljJ1 «jl jac ^j-uijj^JI jL*:VI JjL^ijjj e^jl *1815 ^UJI 

IjLAj) teaj&jj* ^Jt Vj iLlcluj Ljj cj3jjjLa 4joj1j ^Jt V tlJla 4j ^Jj-JI 

SUjajuo 5jujl»J1 4jJSJ1 c*jl£j .(LjUl ^ ^jj j-^Lcf u ! cjUu&I jo-I 

JJjC j i/tij jLu) jJU 4JLUu 4ij-fc.a (jic jj-i-oLt! (jl^ jJLlj .(^j^^jjj Jy^Lj 

(> 4_u, jjIL LJll» JljjV jj-u-Lw! U% UZJ1 4) <jttrt UI a_Jjj 

^iUr ^LjjT jj*jJI jlj (j^ (JH-^J >^*JJ *IJJSJ jjJ-L^t (jl^J *((j1jjJ 

l^jjj^ SjLjJI ^Ljjt U- libtjj t 4jjLucV1 ^L>Vl J_!u Ldjja J^ju 4JSJj 
(iujj-aij jj — ..uLc? £L£1 j^OJbjl — i jj JjU-j .(j-iSLu 3jlL Jjj»- 3 rtUlll 

.djJ-rtJ ^ I juk (jf C*JJJ JjJj jL*j| j-l^iLct JjU-J tj-u£ (^JLiU. j rr>r 
Jj^- J*xjiujl <i JJ ^-4 ^^N-jJj-AJ». jtjjw (^ j^T < rtjrr^ «Lux3j| JUuj 

UUj Unrt x j-j — uiLct^u»? ( 1836 ^«^^, (j-^; x 1 jTjb^T 
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24 (J-9J . IjuJJ Jj-*^ 5juJL>. 3j — xo*j (j^ajj jj^o (JjjUju 4j-__JI ^ m j 
fji_J 4jj , «jj_J| 4j*_»J1 *L_c.t (jj* j__1 J_T J — Aot 1837 JJJJJ 

(_Uu ^ ^UU (jL (JjL__jjj Jit 3jUJ_ <jajl_^JU) 3 ,*!.kt t 

(j_ L_ ui l^jlr (£_iJl1 3j_-tUJ,1 ^jjJajja^^jjijJ 3 J*o?-lt — — LjJI 

jj_a*J1 £JJJU <« C.JU Ijjjj* L_j_ <« — $J f J_ Jj *3 jj*J*jJU lJU — 

( (Eizeit) ^JUJUJI j___»J1 g rlki^ a 4_aj_ >( -_-f, >V. m ,1j<4jjJUJI 

JjJ— — jJbJ ij_J-»-L_ JjlST CiLiJt («JLc (j-a £j___ll JJ uA_t jLu — ulj 

(jjiLUI jjSJ* (jjjjj . 4« ,„l j *lju_t 3 jjl OJJ* 3 j_aJI C_JL>.tj .(4J Jjv«jj 

VI (jjju U t^u.ujST 4,i < ja jj J-> _Lc 1 4— aU>. < - « j « « j (jSJ ( L^j (J^jluU 

(jjjj jjJLl *L__;Vl 4jJJ (-JJjstJ (jt Luajt fcjU".»lj . Jj_ U JaUuJ Jjjj-u 
pj ..^'.t. JjJ jJI | j.l^l mhI JU>JI (<—_ (jJI ^n^J^rrtJJ 4j_*>J1 — 3 
" -^— " ^yjJI j (4jlUsJI jji__JI £tJo — _t (_,!_- <_-_! ^J^— UuIsjjs 
4j*sjjj Ljpt <_-!_ (jjjjusUJI <j__J L_ >__ (_pJlj) JuJUJI JJ-*— — jjSu <j_ 
LrW j-l_L_T *>Uj jJ_J .(l^j_ _Jjl — iM j£\ CjLjjJI 0>Ue_ 4SjJV 

3 jj>_> (jJU ^jjJI 1 j_Lc '.*<-_ _J_. cjSjJL V 4_jjjo (___ 4JSJ ;JLa 

0j_ jjJJ VjJ_JJ .4jJuUJI JJirtttl ^jj-CJ ^CJLJ ^ M lU Jjjj L_Li^2S'l 

(___; (jjJLu» £j£* UuU«t (_j-4>) 3 j-JU» Ju_ j 4__^j\^l_,t r t-t 4j_J1 

J^J-JI ^ J-jt Jj J__Jj_>(j_ t JuJUJl 4S*J_* (j_L->_t (^jJUJI jTj-Jp 

^2, £_jJU jlj (jrj-^- 3j_ljS* 4j u_»J _ulS* ^Sj .4jSjj>» 4jZ j— _ 4i_v^Uj 

(jlS' Ujs £j ui\ (_dj_>«J JuUJI (jt i_i — _jSLJ 4jJL < liji^ 1 hIjj* 4jMj 

j[j . I Jl>. 4.qA.^ ,t ja>U> 4juo J_*J (jt Jj_JL ^L—J — _l 4j1j (^-_>jjj 

JSL_j) 1840 ^UJI J& jJuj j_s , jjjjiUt JLp. cjUL__VI dj_ _i jljt 
^j_j <_£JJ1 «ijjLiUJI jIjjjV1 (j_ «_l — miIjj» 4jL_ (JjI — lijjj (jja (j_U 
.^UJI j1jj>*JI L-Jii (^ 4jjjUJI jjj_jJI ^j-*j (0— 'U Js*-_j 
VI jj j_ j*f> j| . UUj _»Jl$JI jjUj j-j— _l_t (jt j_«Vl 5 3j3-> -j 
(4_> jUil jl JuibJL *lj__«) |_U (>c 4jQ_w>U J t m . J # jil (j-— *j 

j-« 4jlL 4'jirt^ ^J-uaJJ ((Jjl — _J1 (^ J jUH oL__ 4JS* t__jSJI (jt J_ Sjj 

:gj_1 Ijuk 
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___i i t < i ni <Lil Jl» V pS* iMI ^JljJLJI *U___J1 -_JJL> (jj 
£__s — l_ <-_£. S.ij_vjJ,| 4jj____J| SL_-J1 ^**- -d;VL_j ^<»JL) 

(^jiij 4 «V ,M I 4jL_J| (jL____ l^C-jj 4_jj1j__-_?I l_iLL_JI 
SU__ r.n-j . ^ T 4__;iU_J1 ^IjUIj Sj j<<tl 4val_*_-tj ^jJI 

Jj^ — loJI ^liij I Jl> £- — _Jj (JjLti>. *!____; i__ m 3 jjjajuo 

_-jJ,1 t".»»<^> _<L_*ij .<_j! injtl 4j — uu Uj jLbjJIj L_)1j_cfcJI j 
i<jlujj>Jl (j__ jL$_-M -__-_>jjj *£_uLlJ1 r, ny ..._4Jj t ,7ic 
(j^J |*Jj ■ ..Sj^.tcTlo <jL__ — <_j Jjjii {ji-g.--J1 4____T l__-_______j 

j_i__ ( jn^iTi ^pJI £jJU__J1 4w-Juoj JU___J1 -cjj (^j^u -JL-A 
. JuLJI (j_<a ^jcjuo ' ^J"** * * - - 
JJj" 'J jl — ut Jj fi-$-L3 (j^u UihH^ Jd-*-' <^jL-jt 4__j_J| L-lLJLJI t 

£ ij*j <j_- (Lct_uj Jal ub) ^L^J j o»L>J1 4j?j j____. ^ jJI 

4_U__> jj__>. £_i___jj_i ^ 1 JLA i« 1j * 1841 ^UJI (___* ^JuJLJI j_-_*JI 
4j V ^jlSJI ju_____J1 ljLsbjloT j£ lujus ^-9 JLjJLJI jj_-__- (j-- jj _«__,? 

JjjJ _$_U VjjS (^ (jt ^ L$__>j__ <>* J^j LijjJLiSl^^ljjws^t^j— SJ! 

j j u i tt l (j^^juuatot^yjj L^ljj jjJol J-JjJI jt^lir (jSJj.4_.l_ .Mj 

Jju JjjJ jJu*)1j — se-ub (jt JLjJjj. j <^>r l_ijJl>- -.SjS -v JL_cj J£ _?l Lc 

jjST 4j__>J 4jjjLSJ1 4jU______ (j^i 4j^ajJL5ej (jSUj--jj oJLtl (j! J^__<_J_j 

.4_jjjLwJI S j]__JI LuL____? _JjJ ^JjS 
(j-_ -_-Lcj_va_* 4j_il jjj L^LLjjj jj — l_Lc1 j|j l_)I jj — lm Sjuu l_U j JjjSj 
t*LJj3 i>idi _j jrti. i < T L __i--J-jJ1 ( j__^-JL_4c__Caj .Sj_a_5t_l1 eJLj <_«Vl 

*(4_p jLSLII ^jjJc. ^ LL^L^ Jljj^ (j_C (jlj) j^jjl JoJ ,,0« * jLiM-jj 

JjLijjJ ___» jj — luLcJ 0__J| ^jJI __JJL>JI (j_o ^Lc JUuj . jrL_jJL__» L*_i__al 

__«j_- ^j-ljj_3 (___) (___»_£. *L_J ___* _uM£jj Litjl lu i Jja jJL **!vLaj _ r iL__tj 

t-Jj 4__vjjj j__ L_Ltj juu jJ-L-u («j *_»j___at (_>-»jju J-^J jjmLM _-J| ^_l__l 

^IL-J <J (jjj 4_,L____lj ^JjjL-iil^ljJI jut .4 ,„nn JjJjJI JlaL_4-J JjL_Ljjj 

L-LL-jjj <J[ ^j_i.t -J-.jj 1840 ^L-JI ^ f La j-L____L_.t (jiCJj .Sj____Ll* 
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(^J ) << . «it l ^U__>.V1 JJ 1 1 4\x__j__JI 4J ("»-»- r < tj t5jjfc.rtt.lU (^U_jiV| 4_iljjJ 

(j-U.M-1 (ya 41—11 ojla ^U__>.Vl jl_U_-I) ^JL-JI ^ jl__J 4jjL_jjjJ1 4_j| j_U 

(__J1 j jm l r t p i>m 1 ^Ull>-VI t, * Jl j -ljkJI j ts\c (jc 4_v ij-*j Jajju (___CJ 

(1871-1792) <jj mh^j^l-Lj-^^a j-^T^y i _Lx ( «JL--j j_-J>_jj 

(^jJI £jj-_L) j»__|jJ1 J-JjJI L^J -_-o_v t |,V^"j)< Mijj-Ji-, 4-ulj-Ld 4-_vj ^-9 

<_-J1 (-dJj jlju jj 111I--I 4->u1j . j_t — _*__.? (_$?j <__il ji^ij jl-MSjj Ij-p4 £-_t 

jJjl »Vl L_*jLU3__ t-__p- ^JJ3_J_> ^-Jl SjLj <_y-> JU^L-t^J <---_fcJ 1 0 Ml i I JL-Jjj} 

tjt ^Lt J}L>. ^U-u — <_,lj . j£ — l_}Lc. ^U-b-l Jju t-JLtA *L_LiJ JjjJ ^jLsj 

4flU;tl (^_u.L,-v j-t-c-c. (__ijj_>. ^_u_>jj (^jJI JjJjJI (j-JJ IjL__l__1 J_lJ j_l_u 
:^Jj U 1840 j-LJI (___3 jjj_-CI 15 Js> j-»--.Lcl l___j . UUj *jjL_*_U 

4_cLc Cu-Oj-C I aJL-C J JaLSJL -_1--_uj_-u JjjJ (__j_u j _J 

Jju (__J-C 3_j — ^jju 4j_uL>JI CjI ali-JLI j-a 4U_u_>. 4 Cj-<j_*_« 

Ja->o LaTj _>} ijjj-Jl L^jJ-c *-■-— Jlj J>~ (jj» (jA_Ua 

1 j_ (J_-Jj .43Lp- Jlj_ 4jJ_J_V __jJ1 L-QK , M.t.1 _j_fl 1j_Jj£ U*4 

__5j 4jJu1_kJI Cil til>l,l (jja (^j-^t 4-_j-a^_a jj J j t Jj___ 

Ijj — uijj. £JJ— I t^Uj^U jU__£tVl U U«1 ^ylll j <._! nlVl,l _>j-A 
L^jjjj (jL (^ljjiil Jj3j iL-ljJjJcu #j__b ___9 Uj j 1 11 iVij l^o^j^ 
^-lc l__t>? jJLJ _j_j 43jj (___) U_u-_uj t JlLlLI 4__uj_>. (__ic Ijj_ Jd 

, ( * } _jjj_UJ, ^UI fJ _J1 4^jJj_oJ1 W»J1 
<j\ j| (^-M-CJ1 jjuj U j_*j <_____ Ij-tU Jj_J ^j» j1j->JI (jSL J 

<-jl 1 mrttl «JUb Jjco! 4_5jj_>} (jL__j j_C_UI Jjj-Aa (jl_? 4j? ^_t_ajj 3j__u_J1 -*j-_b 

fU ti-jj-. 1 1834 j-UJI (____ juj — uJI jlj (jl L__ut 4J uij *2Ll>.jJjjjljV1 

(j ( <mj ^J (j| (____>. (jg.uis*. j_o__c. tiijjLs-. (_____, JjJjJI 4j_i_v^La (jUVj1 (jSL 

j_-__c. l->jJL9_j Jj-aJI LjLd U 1 jjj . 3j _-Ua jitill 1_L__ ^lr L__j_i 4J 

LJ (j-_jj ( (Jj___il1 JjJ-JI JIj_jV ^jJI) fuUttl (jLajI-JI 4Jj___u (^_l_lU 

(^-S (jyjjy t4 jlM <|"t l _jJ__11 (jLL-j (j-*J-_» Ji-JU (j^JLji-W J ts>*\ Jj 2J1 (jt 

.^j_JI (_psjVl (— ^J^ (___£- 4jJL_J_v jL$j! JJ^J-J 4jU_JI 

.>^l_i ^i^ ^ij-Ji (>. ^La^i (*) 
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4^jJj_l>J1 4-L.weiJ ^0_9 ^L_Cl>»1 ^yJj O JJt 4jJ Uuj ^-3 j j Ai JU^LSjj <jl_> 
_j1j_^ Crjti 1__x__j . j-ujiLc! p__l <jpJL5___U 4_4jI_. <"r i<> irtl da> ijJuJ 
jj-ajlII £Jj-j ,<U-Ju I <jKj < Jjt-Jj JuM-jJJ -1 — -_-j jj — __>___! J_T __*j 

C_Jj_- j*J i4_U-A_*_Lt <ji — cUls-t ^JL* ^-JLc [^JLOjC jj& Lulj <(jgJUtL>JI 

^jj^Ut I <^>J ^--J (Jj-M ULc (jjj_____- ^rrirlMj.jm mJ-J 2jjJ_»J_jj 18 
__UU__. _ I _Uj j£_ Li! L-A LlSJL^j U1j_J1 _| JLU i J_cl_JL Vj__lLo 

jl_}_jj <j! <___>. iL^jJjjjjJI ^JLc j_j_*_t ^Mc_M *Vjj* Jlo c-^ua <___J1 

__J_ L^JLiJ j_£_ __aJ1 4___1 4__ji_>Jl j_j jjmm"!! __<» Lcj _L J-lJj 

U : j__ 4_Lc 4jU.V I <j*j__i jJI p ^tl __J_11 Jl j rr.tl jLSj . Jlj1>J1 j-<-__c 

4,^^ j_____J1 J^(j__JS_uUJ1 j_____ *L_M JjJ?^jVl <-^j^ Jjl^ ^jJI 

juu jj__LcV _>j__ U ^jJLc ^Jjtc. 3jJ__j ____Lj (jl (jjj>. Jl j__J1 <j__ 4jL>.y I 

. f 1840 r U_1 

LaLSjJI _*_-_*,_, — Aj <(jjljj Jj — u^(j*jj i.rLcl^jjj 1833 ^UJl _-_s 

i4jLUJ 5,tj* rr, SLp. 4jljuJI (___• jUjjJI (jiU .£jjJjjU 4_J__ Aj 

.(ljbb^jW)cj^^<1835 f L^I(> jjijJLl 0 ,n r„<tl) IjJjU>o!j 

r. U4J4J 4__jUJI _tjj_J_ j — _C £__l__I| <jj_3JI CjLlUajjI lSh^Tua <___. <j_J 
_-- W_-~^ _>_ — JJ—J I J luJJjji Jj — 1 rij r n CjjjLc 1845 ^UJI £-JJj <___- ^J 

4jfljU"(TI 4lLvj^ Jfl<jt j^_Vl -_-jJJ Idjml \ & m*,»..~\ Ij t L_U! 

JL>J) Sjjjui 4-JU t \ Sj__t| 0 j_ ___ j_j___L_f 4.3-lj . t j_l_UJ__ __S 

(J_l_ — JJJ jJb 4_«jVl t-OLLUj '(^tjjJl ^jU^J ^yd CtLj LU| (^yUl <_jL_Vl 

1846 ^UII LijjjI lJjJj ^_»jJI 1J_ <itjj ^ljjj . J__ j_j ^jj__« ^ 

_LVjJ1 (__J1 UU (jj.>*4 r r>" 4JLjJfl 4J_VJJ ((jlsjlAA jJb U (j_j) 'i^L— I' J>-l (j-« 

*4_iJuC j-L Lbl jjj t JjJLjJI ^JUJI ,__3 4-l^jJj^lsJI ^JUit -— >1 Mijt - 5jL_Jll 

U Sj-oLc 4j jU_u __L_* . (jtryi njj __£) _lj__.UJ1 (j^o 4J < nl < n ^y—LJ r^J 

4j__va J^U- <>m __L_L t JuUJI j__c djjJu- J_Tj_ Sj_l_4j 4Jjl (j_« oJl_>L_i 

Ja£ 4JLl___J1 __< — luj J__l>. i LjjS! — lu Liijjj (j___>La-JL_ ^LtJja __!j_ 4_)t uJ, 

_»jL__1 (j! ___£i1 jj Lubul 4__jaJL jji iiij - (jJLa _jj ^j 4__-jJ| -J__1 jjo 

^X-1j VjJ_) C—jLu-) Jj L^j I.H.LL->Vl J-LC _____ 4_U LUJ ^J JuUJl JJjL_C (jC 
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L^ jJj-l>J 1 ^Uic JHLj 'C^-^U - *^ Lt^-jJ^jjJl *l *ic (j-u (jLL_uJ1 

(_-J-j 4j_2j (_-J__ ^jIj-loJj ^gur.j IjJulj i jj__il__l *L__L (jj_j_oj-4Vl 

^ (C$_-l U j__j t<d t . ^j..^ ( jujl>. L__j_s jjLajLb cj____il < 1847 ^UJI 

fjL*J Ijh ..tl JoC j . 4-Ul 4_L4_oL_1 3j_L<j 4J J___" U_> 4-JUl 4jM< ,A« J>- 

(j1 j j_ » JI ^JjJ 1 iW.a (jM l_ Ij i4jL_- 4_l_u l_JLL_. _-JLj Ljw jJj_i_>J1j (jlj_L>JI 

(jJJjL <_»__? 4 C*i j_u__ _£jJI 4 _____ ^L-JI j_Aj) 1859 ^-LJI <jjl _Jt1 

_o1j-« (J_ujjJl> 4_ajjJ_» jjJ__j ____ IjJJ-T IjM j_t _.Lcl l_j_L>-|j .(«£jj_Vl J__ol» 

JlLc 4o_lll__j Cjj_-j f1j_>-l __Jj 4_vL>Jl I J-_j\a <5j-re_i.l1 CjLVjJI ___) 4_wJL*J1 

<_-ic Jicl lu l-J Jx-c-> j-t-aUe-a 4j_J L_ul j-utJj i4j_ut_L_-JI j-_)1jJ_J1 4 t_iljj 

jj .i,L_-? <jj jj >Ulfi (jjSu JL_v| V (jSJ ( 4jl*UJI £jU (ci-JL ^ L-U--/I £j_0 
• ^yt-L-l-JI l_jL___VI 4jjJ___J Ll___1j 4jL_- 4j_4- (__!>. JI_> 
l_jL__j_? <-..,..,■. iLUI CaSjJI <____ <:!_>■ 4j|j i_SUj-»l <__JJ JL-UJ 71 Ujlj-u» Jl_*1_ J 
(_^jj!J1 l_->Ll_JJI 4_>. j_<s C-jllujI 1848 j->L*J1 <___& _j . Ua 4\_u___*___j 4_t___Lu_. 
. L__Jj_) *_4 J_u1jjJI J_> i".*U^*.tj Jj| __j_u CJj-4_C. <_-_-- Ljjjl ___. 

0Kj 1838 ^LJI <___* 2u«jjI_;V1 ,„« ;>_*_, c-_-_j1 <___JI) 4 jKtl 

__lL1jj_i___> VI CL«ft.uij .C-aiclj L$LjXJ Jjl j-a OJL___ (l_g lu_uj jj luLcI 

__~-p- ...1UVl jj__c ______ j«j <U11 ^U-C (j_4 (jjj_u_T Ljjj! '"■ (___J1 

___> JxjJ1 ^jj — __L<t jLAjjl __Jj ^jI Uj» i jj — __,Lcl J-jjl-I ^L». 
2L_tj Ljj _ }" I Ljjj! (j__ 1848 ^-L_J1 (__ — & L>>jf ^Lj-^I L_jp.L>.j . _jji — -IjLa 

t4jj.<.i,i ; ij j.m\\ 1 .^")JLr>- < j.1j.a,U Ijajj (JhJjL Cxx_i_1J . J — uJI #.1 Ju Jj,j„_u,u 
Jjl_ ^j_Uj_3 ___J Sju_«Vl (__J1 ^-uaul (^jJI) U-4ji-! ^-cb U-UJ < jj — uilc.] jjj 

1849 ^LJI ^.-.iij .4" M.lj^ J^ ,___->. ^_>jjj-3 t-Ja <U-^ (J______ ^.Lc 

CjU*-U_» ^—JLc -5_LL_>lj . (j_U _-J_-ujUuU «~^JUj-t.»J-C.J J Ju L-SJI (J* £-_J1 

^jjj 1850 j-LJI ^j ,ju _-L_U s j-__V ^-SLj-a^l ^j-_J1 (j-u luIj *1j-L4i* 

j£> jw*_- -tJ-Lol J-SlJ i4_uJu1 J-L__3- Ij *<_£jl_? -_U_ulj-Jl (j-4 4_l_l_J1 SjjJJ (j-uJjJ 

SLl-cJ (jj_3 *-jj 4jlj_j ^L4JJ . 4jjL_J1 (__Jj U ■ ™ t Ljjjt (j_4 (9j 13 1 

^jj (jl ^-Ij * JuJusJI _»JlL ^^cjJ^I ^U-JJIj 4_Jj_U1 SjU uJL 3j_>.1j 

.^1873 ^-LaJI (j^a j-u»_u-J_) 14 ^ajJ ^JUj jl,«».j5> ^-ji 
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^u&iitkj? ;*__,!___ 

JU-**j» J>-»-i __a -USOaJl t^j^'U 

j^l jj_^___-u_0__1 ^j^iJI LL^^^^U^j.ljjj^JI 

_*__ ij — ___ ^j! _J| (jj-SJ1 -JU- ___ jJL_i£j_Ujj <__l -L__*| _Jj Jjjju 

U»« ^t l Jj^ (t> j^l Uj) s^l jSJI c_.lj|j__* _j > 

£*4~n<«^ tj-_o _______ l ____&j .-UjJiU,--, ,„Jj 4 JTjLUj <^1j1j-—« 

i_iLu_»LjJI ^LJ J842 fL__tl ___ «j__JI _jIjj_» 4_1j__ , j .v. 
(jl jj_ c_i___l 1___ j____j i(1862-1797) jLu_i <-^i3j-^ _____ j_J1 

(j->J-M V_'j_'_J c*— *I b"-~ M - -U-?-' jj — " ^,' h< - *M j ■ rr? 

(j-« 5 >L-) 6-" Op 5 — --' Jj-- cr»jLUj -___ <__- jjJo 

c-a) j\ Jil __» j_-Vl *j_>Jt ___ ______J| _Jj V j_! ct_ <jj-_ (^ m,TI 

0->J^' ubj- JLF" (jj- 4 1- — - _r-- 3jjL_ .(2____JI __« j__-_ I _____!! 

(j______JL <uljj_ (__a (j_»jVl <__ij_ __jjj ___- _Jj _b______JL MjL» (jj_Cj 

^j__^Jj-i_kJ1 jjV| _Jj 1jJ_jj .^jjaaJI £J-_jJ1 <j_- 4_*j_i 23.5 4jj1j\j 

jT _j1ji__, t <_JUj _r_u _____ UjI_ j_jAj JJLI I ___, (jl_ i(J _____JI (j( jjjj 

<j-*-J Lul __<_u U jj_j ij-j_*-J1 _Jj 4_t__JL 4 __u aU_j_1 __!] iLjjl 

*___j _>9 J--^1 ««-- Aj__j_1 5j_J1 ______ J_-1 _Li. ______J1 Jj_w jjJL) 

._ »(«.»■— J1 jSC-SO _H» <UL_Jl 3juL_J1 |'V 1 1IJJ i_______J| _L>_I ___ J_LXJ_ 

J-» J>_-b_ <_>* ^lj-' ,,J I Jj___ _JJJ__ (___! L_ J_b 1 j___J 

__J_JI <___ Lq_x» i_y__4__JI __4 4J -J-J_« J_uf <-__ ___jVl U_-J_ _J_J j__C 

(-_i 3 _-4 J-l? __I| J__u JjjLiJI _<_ i-J j-^j-a t_>j__? ^ jjSlj jjLu 4 

Cy*3 osA* 150 j___ (j_____J1 ___ jl*_J1 J_ u/jia _1 (±u-_ 4 4jUI 

-_j__» e-9 _>*_J — «_JI (j-_ _-j-c Jju? (-£1 (jj_j __sjVl t__Sj_'(jf u_jj_JLI 
4J tejj* U_jf _,j__ j__o__ 4_£j_- (jl_S _JJjJ (( ^L__J1 3 j_J1 _____ 

Iji-j *-? (t_j1j___> ___) jUjj! ___L___|j . (jJLu_T (jrul J_ jiijuJj) tfj1 JL— « 

i^jJL>Jl ^ l" m.1 1 UaJ? J--J _-ic tiJ j_5__u ___,j _ 1 t_«_j_r (jf _J| 

^U-JI <_J__J1 JaI L^j jju_j a_UL_JI 5_ai_J1 _jUL__i jjlc _u 

^jJI lg "U . > (-- jl^JI »j-_>_jUI — ui J-U- __a JjJaT (jj_j gl" ^,11 __fl 

jl jjU J—Jl( Ijla jla .Cil j>; .. . I I _iVT __t > ____c i <__V( jlUj ___j ^ju ____j (#) 

. jj_1I _J_ 4_jL__ <__j_j U t jrtl"Vd _iL_jj. 
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(j__j_/1 (JJ--J UjuLc. (__jjJL>JI < njintl _-_i l_g _u_ij 4 n U i t, 1 4 1 \ cTt 


rjf _■ <tj | j__b (jf JUsuclj • L^L_j_>. £j----f (_-__J Lfcjl JUo (j_« (JjLHI ___>j-LJ1 
^JuLjJI »1 U . tl _jfj '(jjj-_J1 i^j <n ^jjjj jl JjJ (__jjJL>J1 ( ^U-JI 3 <iU 
. 1 _1__ (__!__ <jL-_JJ JljjV L$jf iAltl ^ jJI) <_^j-L>JI 


V-*J-* b\ M *l- — 1 ^Uul (__-. 4 — ____j — <_J1 -^J_-_j (j! (j_Uj <j^j 

I jj__C jj_Cf 4_& (jSLt , Jj-UI ^tj JU -J_U t< j' JJ *^ C> J^ 1 

(jjSjj ((j_J1j._c.VI j-_L_J ^ __L 4__.jjjJJ) CjU-Uoj^I jU 4_<»ljjJl 4_l_J (j_~i 

(_p»jVl jljjj jj — « 4_Jj j_j __j (JjJ! -.Uo-/1 Jj«_>_ij *4 oic.<^J 4 mU; 

/*' 4_L__, (__jf 22 J_C Sj-4 _-JI (___ _• _>j(j p _u jj fj-*-Jl <_-Jj 4j — lu-JL 

1 1 j_U <j-___*j| (__7-jljUyi jl jJL 4___}___ ____ Jjt^ritl _L_ <p (jLa I j_L_j 

_p3j^l (jj_*J UTlAJ __i J---J JU-l-JI £ _Llu Jjj____ C-jl_i jj < n * 4J i__ (__Jf 

SjJJ jUj jf jj____jj . L^jI£j_-. L_L__jT (_-_Jj ((jD^ uJI (j_C LgjL-l , ..a Juut ____ 

(_-JU __J1 ___U__L_J1 ^4J Vjf (__JjJL>JI L-_____II _->J-V <4jJLA>JI jji ^>»lt 4JjJu 

«iL__ijJ1 (jLjj-t-jj JuJUJl j ir^r 4jL_j -_>aj . JLjJUJL ^ U« a _____ ___Jl 1 1 Juu 

(jxilj Sj_C-L_! J-Lc J_T___ i_jjj__J _9__J i jL_s__jJl (jLk* J_4_*_tU Sj£vJ1 L rtt^ (_, — _» 

4j1 (ir j n" i n"j tjWi.tl 4_i _Lu JS! (Ii (__JI L^j___J L^_L>_jj -U-k___JI _LiUJ1 

Uj__ t ,^mj ..Uj^ti ^ ,us ..mj-lsui 4j___ji j_: jU__ (jf c-Ji ^ti 

(jljJuC s.L_w Lx__ (j-4J ij jL_J,1 Sji-JI ' ^ ■ ^*' J--1-1 t-Jj n 4_ajl_c 4 »-J-4 

_jj____j (^l Milt 4___>j__. 4_Lajj jL_u_tf ^-j-u (j-il___f (jl jjj _/1 ^ljj . 4j_j_C 

4Jjj_a.jVl 3j_CJI (____-__j J___f (jf ^cxjJ S j__3 (j| . J j1_»J1 __jL_LlL_ J_4 jl j-^jV 

j-J_9 (jf j-u-uj . 4-JoU-j 4Jsw_i1 — _o 3j___3 S-ijjJ j1_jj j_vV1 U-Lu L-_SJ jUjJ 

1852 f UI (1859-1769) o£ y \\ ,„<tl ^U^I ^UJI 
__j_jj_bLjJ1 ^JLc Jj_i |_UJI 4jU (j-4 j_J_»f (__J| L^i-jjtj jjju 4_t__L_ __iLL___- 
j <i"r I (___JI 3jjj_J1 5j__L_>(jT-_-j[-u(1783-1717)jj-^ 

(jV i4__j_bjj 4j_.j M.na (jj __3 (jf JLJ V) -LajJL -IlijIjj Luj jl «Jjf U-J-l 

-Jlj-i _J__ 4___ ___t 26 _-J) L_]f 23 _wa CjjL-S SjjjJI _)t _>£• 4_jJ_»JI obLu_»JI -----C- (*) 

.(jiiiiHiMI ^UauJI __fl _;j_i.| j-l ! ay\ £-A 4_ujL>JI O^LcL-lt 3~f_*i*i udJjj t Jjjot 
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<j jJI Sj1j-*JI <j-_$-- J___u , ,. <«! ! £-uj_J1 _,j-L_ ^jjii j_*U_J| bJ_ 

<-_»j— 4 (___t (j_»j Vl <jj S_ UjL_L <__j__-J1 ___ ~ • ■• ■*>*' 2j_JI ' *> ■ ^** ' j ■ ■ ..**.<' . 

J_ U^__-j Sjtj_U1 <*_ ^L^j <jl I j-_> ____* • (j-u-<j — _J1 (jj» U__>ljjo 

^ C-JU-wJ Jia ( L*jI_ Juv1j 4 "t u J| jl JLa __U 4j__j _ 1 5 j_J1 _,,">,,-_) <j * 

4-1 hU j . JjL_11 SjSJI < n>r,\ 4l_J1 jlju» ____, L^j , „"<j ^-Hl 5j| j->J1 

l_J <— ij-uujj U_ i^^-jJj^sJI J -» ,, i lT 1 ' « i <ft — jjjj^IaJI (jj-S)l J>U- 

V _Uj Ju__u LJ j^bj .^jjbJI juj_*_j w ^ t. ^ yi u . yt i oUlSj 
__J| 1 1 J_ jlJjjJI l_L_>jS_J <-jjM'j JU__JI <j_u JjLill J__«_J jijjvj 
*ij1j--JI j-> (j_T 4j__" _,L_ ^jUjjI^jjaj LL_~ (j_4 pijJI _,<- (j<tj 3: ... 
CjI j-u_JI (jt — _u juS__J1 3____ ^jjL» ____ -LJLltl Sj.^"-. *.tl cij___s-> ___JI 

.£UI 4JJUI 


cV <> er»^t I-U1jj_L___J <__a JjAj^ ct^ Jjj^ o^h^ ^J 

jJLuaw» (j| j_u- ( |j_w 3j-aJl__ (j-sjl 3.U __1__Uj 3j___._l ____< < 182 1 ^UJI 

.^Lo J**j (j_?(jj_JI <Jjj_*i__Vl ji£>.j J*_ (j__A c-j! u , >, n jJI J__j_l 

cM 4jj___| _T,_ _jL_1j _ I c_J___| <____ JL- j_J1 ^-51- (jK 4.1 1 j__ u 1t« 

(*-$-_> 3*1 j__JI jL__l 4-_Jj u U ^ _, __.L_.Vl ^uJjlJI (_-j---JI <___j .4__l jjJL 

5_U_U_ (j_^ft ___ J — «uJI JjU .i__SJ1 (jwc 4 — l-l__j ^JjJI CjL __,____! ^cJjuj 

c5j-2JI Q«j.iU1l J-JI» (jl JLvj 4_SJ *(jri_»1j__J1 ^^U_>| (j__a 4jIjlj t 4jjUu» 
(jU-JI Jjj_»L_j j_4 ^_>_La j-tc U_d J j_5_JLl j-iSL__J1 (jjj 43elj (__i__J 

<j£tSj — __JI 4i_1jj (j-j-a < Mr^> | UjJc j_-1 j fl_1 J rttlj --*^ ^j^tl 

J-u-_3 CjjI_; (__*__ ^ljjJI 4_£j_v (joijjj __Ji U *4Jj___JI ^IJjT 4_j_U 
4J LtA 4_SJj < JxjJJ Jjjfi <>«j— -* L>a Jlv I juS» gl cj»J.«Uj -_--JI 4 c-JJu- 

«44JVL(jUj)JI ,,ir^)>(jljj_u L__>l_J|j .3*1j__Jljj_^__ilJ Jjlsl L_i_j 

J-iL»j^|4j|4__--AjJ1 j_^U(j_ja857 f UI^(jJ_J^jJL-_ ^jJI 
4-JS' (__fl 4_L__ _ULc 4 tijU j ___ 4_JL_» JL>.j _ry>Lc juuj . J__u__> ^-JU 
j^i^l oULu-^Ij^jj^i jj_j| tjjj* sLpJ -LuljJI S^j-JJ ^U*! ^j*. J*. ^>U_>U (*) 

. 4-__ j j__l,| __ JjyS" __; Sjjiy I 
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^jt» _iJl-__J1 1 j — A <__ J>Si? * J-* — LT" 5 <-^*^> 'oLej— ^Ji^ 
La_w ...edJj jj-a (__J 4-4* }La J-l-I (jl_La ___> L»jj ^juai JL>4 VL*_*.j 

_>! jlu 4 <__<L__J1 *Lp- <jSu--t ___J ^rt^j Lm» ^LJja j~-t t ^Lilr.^. __ plj jL_" 

3 i*<< 1 1 (__Jj Jj_u_>jJ1 4Jjg uj l_i__- 4 ' *■* j . «J_>-T £j_ (j_4 Llj_«j (____c__j__ I Jl_> 

j_t_5 j l_-_jj j-}L_Jlj $jJL$J1 l-ujv 4<jLuj __jj Jul 4jJ^ (__i> 4_u1jJ1 4_L»i_JI 

j-u j-« h?jSj3 l__L* u»j <jLo_o1 L_»l__i \jA La jru ^y» Jjj-» Ij-Sj .j 

<_dj£j 4<j__j_M L___ij_> jljLa J_C _i ___ l_i1j_i__J1 CjjJl>. 4__jjJ_s i^jjW! jy*\ 

.jj-L-ll ___ 1 j__> jjjj 

-JjJLs- 4__Jji_J (J_t_)jJ1 __JLj____i_JI J jJL%_J1 3JUj — u_4 3j_£_J1 dJLAj 

^ojLl L^dJ_) (___J1j *(j__4jJ1 JJJ-4J <J--jVl L_i Sj£ jl J 4 (__ Olj__l__tl 

3jl __VL jjJL>.J .(1877-181 1) <Ljjj_LJ (jrUjjl u < ii*jj--J1 0Lu_>LjJI 

l--j_J1 __l u__l __Jj Cj_t (__xJ1 -Oj^rj- jA 4_uj_uJ (j__ _j_i* jj _4 («___> f jT 

1 j_i>-i <-_ (1892-1819) >bT ^j-T j>j>. j?j-4) 1846 f UJI c>>u- 

JJJKJJ LuJ I <i jl^i^ tjLjuj |j_»> J—4JJ . (4 1 ri" < « a 3jjj___J 1 fl mrt 1 CjLI uii >JI 

4jj1 jJ.1 4_j-»J1 ujIj U i'r>1 4__jj___j (jJJJJ lVJ-1.5^ lt-^ L-a-utj Q>4- i r _>j-Jt 
<_jL_-v Juu i4_U jLtJJ (-Jj-« J-JlC- J-U -> L-U.--J (_$J--^^ <-__T1 j£J1 CjIjI JL4 ___) 
.(J-ulJI lfl <*-<t i jjjj l__u_>j t4_ajj__tl < < ^lj-JI J-J 4_u jL>J1 j .ut_ 

(1822-1738) Jj_Aj_t__> ^LJj <-__! At<1 \jJ& J_u_l 1jjl_- Ijla Ji<uj 

^jjIjj? <__! ___'! (jf (j-a (^_-jJ1 ^y-c Ijla ( 1781 j_L»JI (j-«jj1jjf l___j__J 

. ^LajuLtt jJLo 4_aL-_i-T1 ^jj L T __jfi Jj? _»jL___.L ^LL-.ltl 4_» _*1j 3jL_| l__jl>.| 

Jdt-a-d? f-L_j <jt_C t 4 4_>jJLj) f t^i -v 4jj__o 4Jj_L<u J -mj-lA <_£>! <Vt<1 *L_w 

<_->j_tl 3jj__ jL_L) (jjluj jjjs-j ^j.CJ .(___-. 4jj_u_ j_4> ^JLkJt (__) l_}j£\ <__Jj 

(J___ll I j__ JloJa (( _---_.Li; (j-ul__f ^-ic 4j jaj-JI ^oj JL3 (1758 L*JI ^-JLk 
(-ic l_jj__uI j\u_JI 4 J gr (j__J .^. aUJ l ^itl (jcj (j-j-u (j_ — jljli (jC ^L93 

4-ajl intl j*L)Vl L_il_ __j9 ^_L_JI j 5L_ijjJI (__ic. SjHjlI 4j_i__j 4_ul __o. jUr 

tSj-4-Lo jpjloj (j__ SjL^_*J,1 L-jl jl<l*t l 6JJt> L__---_*_4JJ tL_lJ — _uL>JI jj^ii (__ic. 
<__»1j_ajuJ1 CjjJl*. 4j<*n< j__ l_-_jJI _U j (__ 4_»_ <__i^Ui_*-JI j — -_Ct L$iu (jw« 

<_-jf 100 yjj Luj-33 J___J (_-J-4j (JJL4 (__JL_ (J-SJ-M C_-_J-Cj Ij_4 JfC _- (__j_ 
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_t->_i,_i ;*_,_> 


iJj->4 ULp4j 4_ps_Jji_} j__"| I — jU>4 jj_L jl jJtl <j! L$L» (j-ijj 4J — <_- 
er^ <-£j-j*1 L_, u" < «j <_^_1 S jl j_»J1 ,<& ^-JU-wj p^j-' Cr-l J * ^bj^b 

L>j|jj|jJ,1 oj-Ltj^^JiL-^Ujlj Jj>Jj ^ 4_c£ 4___ jljLa^-lc 4j=.j-«>_-_a 
l_l_>|j (jj_J <J " '1 <j-« Sr^J—^ \ a" i kJ ^Jill 2j|j_Jl q& 

Uj^2_u ^pJI 3j1j_>JI <jL_» Lp^^LU] jlaJLl <jjSLj u^-j -2JL_JI j1jl« (____ 

3 j « Ti iu . [ \ Sjl j_>Jl j-« j__"l (jjSJj jjiK m,J| jjji «LjjS dJ3j ^jj-i oI (___• e__j_J1 

<jf <j£«J J-~ • JjLr^ J*' — ^J • jl Jdl <j_a J-^1 cj2j__JI J_C (jj_j I «Jj_. 

1 1 tl j j ' t | j ■ ' ( i r |jL_< t *t ^ . .. Ji \ 

Cr^Lu L<m_J ^ JjtJ (JJL-jLsJI j f rmH <j? ^jldJ Ujj^j <Jt)J__i j 

£-^J tSjjjjJI SjjJ_i *L__ Jj---_ ^-Jj-L^Jl jl ^yJl n ,M| Sj_JI i___u 
__LL___. J^j (^jLUyi J < . . U l (__!_ tjiaj^l C-lj-JLJI ^^fiCjy_> 
<Ljj3 JjLjJ ^JJ-*J ^l— JjV _JJjj t( j^1j__VI ^Jl2j S ^-4>LL j-u_j j—jjjjLJ 

J^Jjj *4j-Jo j^l 3j— _JI ^rt.^i ^wtt ( rtrn'i JuUJI jj .r.r _jjjl>. 

1 JJt, <jj-JJ •cjrjJ' — "^l —S^T —jLll * "i" (_£ JaU J-——-. jLLl (__ _ 1 d^J^ 

4J — <-u __I? 250 jJU (_g J-tL>. j--_— (_a (jiL. (j— *jVl t__j_* <jj— — -j 

L«M_ (;___ <L^*J J-*J £-Jj_J1 —Ltj jJuO Lgjlj 4j_U __Jl 80 <j-_ »»J 

4jj_d_ » J| jjj__J| (j-u U ^ — _J L$J ^lU/ol (^l 5jUjJLI (j-Aj tjjj^uJI (j\j 

jUj ^ Uj i Jjj^LtJI (j— ^ jjj-a ^J} Jjj^ j jtyi <h!j . (Interglacial) 

j-« <L J«« (^ tiUjj i^LUI Cj1Uj-kXI oIjLjj jjj (j£. 4jjUo 4__jj3Ua 
4_fci1 ^ JoUJI JJJ--1 (j_. 4J j j__tla JjL Ul^" ,„1 __*J1 jljj? 

Slllill j_j J864 ^Ull (Philosophical Magazine) 2L_____JI 

U (jLc j__j i 1 j_jj^ UU--1 jj_J1 ^yl- I J_> 4L*_ j_fj . j-__tl (j-« (jhJUjVl j 

^LJI (_s 1j_> Jj_j .^cLtiJ Lc. jJCua ULc ^_u_u (jT ^ 4jU> Jjj_(j__* 

^4jL__L__".1j_ljjS__y 4-p.jJj^pJI 4_vL__J1 ^ L_aLs JJu_ 1867 

4_j_UI 4_^_j_j M_taj c-_-_l «(jUjJlj ^UI» 4j_s: j__j jju , 1876 ^ LJI 
,(^jj__J1 I j^j ^-Lotjj 4_____j J_«L_ Lul — l_ (j_:_;jJ1 Jj_vjJ1 jjt Ujj) 

^Lill ^ !) « Lj^jJj^ajjSl Jlj ^l — Ul» 4j1j__, j->T__ill_'_J Ij Jju 4J j J__— »J 

64 _J1 jjT j*_!1 (> Jjj_; jL j_j 4 1885 f LJI (_s _JJjj -((jj-SJI ,U_j 
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^lj<jT juu.1890 f-L_J1 j.o nio lS^djj-u^^uai 4__1jj.L-~L- 

1j-u!_ 1_tj_i- (3_->-J t "'l _? Ji^ * er- 4 - ^J-.f-- a -, j »^>l '-J^Ls-l j ir-itl 4^_j_u 

2jjJL_c_- Aj^jJjJi». CjI — Llj _£j — ui £-_)1 jJI ___i J->JJ 4_4 _>* pu- jJI — Lc 

. 4__cJ_ ____11 ____ 4jL_J 
-_-L.u l f>B-Jl _>« JLJjJt, J_i nitl (((jLjJlj £_LU)> 4j_£ ___ Jjjis £_u_jlj 

J__<» ___ __l j-tilll ijl ts— 1 ! J-— -J^-M' j>---- t^lill ^jj^l 
(jl Jjj^ ^Ll _.jj__, (jl<j • JJ- t— <jl 4_lcojVI Sj__l 4___j1j 
jrtj Lm_ J____l __JJj __L_I t-Jl _Jj_*Ij <>j^l v— ^ ob) tWI 
( JL_.| _"(_>-_! <(L_jx.__ 2_wj_ 25j 22 (jrU _jlj-J (^l J_X1 4jjlj (^jio 
LLsjjlA j 1_j_-__ l_<_j_J1 4_j__ ^__ 2L_JL) <__- *4 — ___i j_ujj_LiJ ___>. _J 

____! __Jj j_^j ___J ____ __Jl 40 J_— J _)j *" ■ " *■ Li__ L__l) __JLa jJl (iTJ-tlj 

<___ JjJ-> V-~-J .(_-|j__J tf_a_w __J} _j__*j («__£_j_-__ £____> J <____•_! <j___. 
^ii^l i L$J _£-ij_<iL_. J---J <_, — -_-) <__- <j-»J -M UJ--» <_4| 

(jU__JI <j_ « jK (jl 1j___ t L__i>.j_ j-__! (j;juUJL 

Jj_*_» 4jj_C _-__ _jj ^J 1j_- <jl JLU i,j_--__II (j_s Sjl j-=>- 4-y_C J-l . 

j____ , 1 2Uj_- J^(_J_I __J __lju t j ___ £_<_.__ I (jj--JI 4jL__^J._j_-4__J 

j__T <jl 1j-_j\~ J-cLu-Tu IjU L-^jJj-p- M_J- (jl _-J} I J--- *4__>j_j_- jJ__ij 

15 jl __VT 10 (j_u L __-« Jj t 4____ -_Jl 80 jJU 4I_j (J ^Jui-*. j____ 

(jl 1 j__ _____« _| . Jjj—_ 4JLa L__ LjLoj £j-*u L j_bj iCu__ 4J — 1_ ___ — II 

j-____.j-_.T___ Sjjju o1j_u_ll J— --I _-3 LdjL_; _jL__-J U M i t l 5j_-1 ^ 

L»L_ (_>_ij__JI (_;! (4j l_ <__Jt 80 (_JJL« _____ ^-i-J 3 jl_> __3 (j-ajJj _gJ 

4___lL ^J jjj tjJ_J1 J_>J ^LuLa L__j| jAj) Jjj-* ^jj — *j jL____1 U 

__J1 4 ___i ___jJ1 __a ^jLI — _i__j jL__>jVl *LJ_c J__sjjj .(<__J1__T j — s-t 

SU_0_J1 j__l j__J1 tf_L_ _>_. 4_>_LJ1 4_j____<___1 Sjl j_-J1 (^(Uiol j-u_Lt1 (jl 
Cj__M-_- -'l JJ ulclA _____ V _-fseu t4__i____ C__l_s (jlj * 1 J_v 4__j___> __ — ~ 

jllUJI jj____. _>j — j L __l j-L9j JuL>JI jj — ___. (j_u 5j1 j_*J1 -J_>-j_ _____ 

4i___J_- _j^.j (j__ ____--_-? 4_^jJj-u>J1 __L-__1jjJ1 (j_J t (Inteiglacial) 

<:_. -_j_-j ^J L iL_jj (__J__I1 £ij_i_J1 jlj ( jljJLJI jj___- (j-_ 4^L_u 
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Ijj jJI ^jst"* (jt L__ j_»jJU jJJl>J . jj__l/3 _L_jj ___ Jui>. CjIjjJu (j__( 
1_j Lo (jLuj 4 t AJ ! CibLuijJI jjjlajj jrt < nV<* 4__jj-L1 4__$ll £• J14J ^JUuaj 
____Ju (__jj___ (jjj JuL^a jA 4_^jJj_l>J1 J_>U__M £-A _^L__jj CjIjj Jl_JI C-jl_» 

<jj>$_- jJLuaj) 1879 jjLo 28 j*jj ^-Jl j ___ jjJjJLI t (j_i_^j__j\U* (j^jJUa 

. {jyuJjjlA CjjjJ I (j*_ ' L» s_ 

4____-__<_, 4_JU_4 __JJ L^JjJtjj Jl^aJI 4_jJI_- Luj^o ____-" j-L/_l __Jj <__ 

____.' L$j? ^jjs ^u-jJI __L_ i(dJjU1 4___U-) 4_lu--wV| 4__>u$J1 jjjJa j «j 

j__ouj * 1829 ^UJI juLa 4j£j-J1 4uju_J1 JJo ,___ __j1j J}L__ _j1 CjIIs 4j_j 

I JuljMd 1jJl_ (j— -->u Cj|Ju __lI1j <<jj U iM,1 jL_J_LJl Ju^LjJJ (j-« Uj >■ 

___ 3j_*J_M <j£j_J1 4jjj__lj__«yi (jtJ 4jl_1jJI 4_-l l_1I ___■ J>L__u_V1 _ya 

. JUAJI 4_jl_J| 4jjI («gfj| 4j^_*11 4jjj1_1j__«^/Ij _jji_*J1 ___. jL^j -"I 
~rj_*_j < LjJLjISj Lxui*j _____ 4_jf Ci._ - _yi Jjj-t _>— _)__^j_u>_xa l____*jj 
aUJI Mjj__jJl 4_-_wj_ __lc 4Jjju__- £_« Uuii _____ L^jJjJ__J1 Jjta _^ *« 

3_l_U — lu _1 CjLLLJI ^jo irn ___>) 1 ui JLl^jo Jx—J Llu_> ___■ <___ Sjj 1 1904 

4u__jJ__J1 CjL__.Ljj_J 1__J uj] J*jJ1 J^l_ Cil jj ui (j--4_- SjJL (5 «_*_J_J1 

j-l--" Ju- __Jj _•_-__- CuLij ( 1909 ^I—jJI L_uj___ __J- ol jJ-L» 4 _>oL>. _____ 

Ctjp. iSj^jJ.1 ^|j___bVl CjI j Llll- __JJ _)-)! jJaJL 4_l-?r"na 3j_s1j 4 -ioL-La 

_)_? 4_! JLu iZj — j_*. 4jI__o 4 — ____! __JLu _)l _)2__^j_u*>U~ 4__L___- l-Lj <jl_S 

_>->3 Jjj-a __J1 4 — a-U- ___■ dljj (_J_Jlj 4_j_) jjj _^ j — J1 djJj JLcl uu _j! jjj 

(j! ___- l___^J1 1__fc _^i_b__J 4__» — _uj J____t (j! _jljj .(jrtJjjLlLI (jrj — L-jUgJll 
4jjJ__J1 *Ljj\jt_J| L__u? (j-jj^ _)jj i L_CjjL_-j1I ^-Jjljj Jj-Liil .(j_<JjJuJLj J_*ju 

IjuJui LaUlAl (jJJbl ijU-11 IjLA -_a L_1 lujIj iU__j __£» 4J__!j .L_U_Jlj 

jj_S __lll 4___*_JI __-__Ujj JS! -_J _SJL>. ^*^ JjjJa C__jj l_U_ JUuj .^UILj 

(j_>j_/1 u-i-rijSJ Sj ji"U ^Lill cj _'L>- (__u__jJ _,___Ljj jt-j-«_ cjI j_5_i__1 L^ 
* 1911 ^UJI *!___ __lc (^jl_U- (j^u jlj*. JM_>. L_U_j^jjJLlj 3j_-jJ1j 
csjlaji (jjj) u ,»jVJI jjl__II ^_ |j__j .Durch Ferne Welten und Zeiten jJ_.l (*} 

.___j_j__>Lii -jjIjJI 2j_i_JI j_. cjUjJU-JJ (jLj__iVl __4 j_ls __l_. 
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1 JL_ &\j O^d^ 'L?ji^l J 0^ ^ U^J^^ 1 L-*lu 
Oj_Ju ' c_iL__- <__Ji (-SJl^j Lcjj — uia J^_ — l_1 SjlAJI <>__- J^L>- 

j! t .\» ^j t 2LSjUJ| oLll.)ll j-J_ 4_*_l_ t__1 j_J1 o 1- Sj1j_- <_-L_>.j_ 

Sjl >>J1 0l>jJ L_fct_C (jj_- (j! cr^J Cr-^' ^jijSJI t_l_. -_-_ > ■ 
£_j___1 JL^V4_ ^ ^J>^J* t T'^J-- , <>« J- J_jl-i~ jj_. fJ__J1 

.jjJlSj J_! t-k. ^j^l «^L. Ujl-_> >i ^l cl jlaLMI ^jUaU 
<jf ^j. ^l 4___«L-1 p-ljJU o-olj *^l*^l 3jIjj>J1 ^Lwjj La j___-jj 
_>>t V^j^ s j-^ o 1 * ^bj-JI ^ V^-3 ^lj--- 3 ^ 

IjlA (J^^ Ju^Iaj ^cJj . 3 4-tJLflj CjI j__ L^J-^^ ^JJ- Ct~ - <_-» 

- ,USa ^J_J1j 4_jjJ1 j ^Jtl J___ Sj4 Jj - ^ -u Ki^ Sj_^L___4 -_lj-t j-k. 

_JU_ujjU- ^tyujJ-j.c-iTlj^aS^ J__j*j_>Jj--«-j- t --a>«^^j 

u __ 4 _j__}L/» J^U-1 Jl_- 4K I JL_ .4_j_ JaIjj Jjj£ JL Ji__ £ La J_ 
Lu_ 4_L_»V1 *_J- cJLWtj c3 j-o_j 4_*4_ ^L_>i 4jjJ Cjj-JIjJ J_J o-j-*>- 

>L*_ £>_ jls ^jj-JtLu j^-jjJ ^LL^I _jL_jj->L>M ^JLc jl >« 4_L____»I 
4_>_J1 J_U_Vl cjIj .r.tl _jjj_- 4_jjj_ _jL___>. >« (1904 f Ldl) 
>_jVl jj___ ^j-Sjj (eccentricity) j_jJ1 __>;*_->. L 4__>L>J1 4j___L_ Vl 
2___ oj^» c> -^J ( tilt ) ^j* Ja- ^J J J (precession) 

. jj__. 4j^_j J_uJ1 1 JlA 4la Jjj___--1j t di^ 
>_j_JI J___j <wJ ,.i .^lj V <jCJI j^u 4L_>LUI 4_iL_-_l1 ^J-*- ^Lil 

dJwA^t^-oljJ.^^^jJ-Jl J__- ^J-WU* ^-L^ (J_«_-J1 4___f J_>J__u4jj1jj 1 

L^jl__j V a_>.jj __Ji 4JU* U__J (IjlJJ -i4_w Sj__Ly» IpL oLL__>JI 
^y./aj Cyy^- sLp. <>_* 4Jbj_> Sj__i L__i >_____, 1j ^mW i I I ^ J__ 
j_*jJL >}J-^j .(-11- JSL-u ^L__J11 >4 Sj__ c_jJ1 ,Vt __j_£ -_-j*j 

43ljL>.i ^ 4__« 4l__J1 CjI- _-L*jV1 j <_. "Ol ---^1 ^—j^ 

4 1 „ ,I, H ^ 4_i>. Jjl Cx*Jj-1 0 t 1912 f LJ1 ^ <_JJL_>.J . 4Jj1j 4_J->.j3 

J^>J1) jjJulij^j uL-ij^b W>^J L-J^ -^^J .d 1 —^ ^JJ^ 
JluU^JI ^LLoaJ! * jjb _4 2L__iJL| ^ .aiijJI *>_-_ 5-i <(i3*-' -"^ 1 6d5^i (*) 

.iu-UI QU_JI j>a 4___j Jljl= <U__i od^- 5 ' _J- Jk Ol l^J-^ 
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. U_>jf 0____J Ijl i iVi')I 4-jfl , ,n <4j_j_jM 4jjjI» Ijjua^ I ( J»j _«_ , l 

UUU LjUL __*_>-U tf _L_J1 «>. l__>U_- _1 . 1913 f LJ1 ^j 

jL_LJ1 CjLjIj li _1 aJJt J£ (jt ^julAsj .4-wj^JL Cu ul a j (jj rt>l <»J1 

j_l j_j JL__1 , 1914 ^UJI ^j- 1 4.J.UJI j_-JI <__j__i ___) 

<-LJI <> j_ujj 18 ___> ji-ulj_- 4__-_j_l' tl (jja ^yJ^ju» ^Ju __1__ JuLjjj.- 

J^L>- (_-Jj inll _>_j_*J1 __3 1 i <ii \ <g m ^jLlcT L _yj**u flj_J Jii-j .4 — c__ 

4jt_bj «U Ll_>j .SLuoLjS/I __jJo_-J1 _,_ j^J fJ j_Jj * jLaLiJ _-JjVl c_>j_nJ1 

1___ ___ 4jjjbj ji-lj Ijuj <4-ul __>J1 4jUU_ ___ j_jS__JJ L^-C L_j 1 j__ 

. J Jj— JJ— — — L»-4 Ijj— > (C--f J_J>1 3j_*L_> jf (j_>_- JS» *_tJ 1__-_>j^ <JujJI 

oL1j___u__ _1 __9j (___ Ljj-lo __3 _JjJu_> _jj__J1 aJJb jf __Jj 1jJ-j jt-_J 

4-JLJ1 l_ij_>J1 ojJjuI Uj__j .<j_]>_I ^L_i_>VL __>_ ^J L$_L_ <4_j__.Lu_JI 

U__J (_rJ1^) 1 jJj <_--J1 4jJ_J SjLj _____ (J__^j__)!>LjQ j_> _, — Ij -"1 

^cj _>_Jj .ujj__ j_» — __f __lj Jjj>-j i_gjl — __4_JI ijij-*Jtl _>-"^ > J1 tg-* — -— <-1 

. j_u_c« (__j4Jjl_t_i 4_j__4 <___-___ j jf Juu 4J <_J1 4jI_£_ -_« 4_-1j <<t _j^L_>| 

4jjLl_ >JI 4jLUr _£j— «J jfj (-—-tul-jJ _-d _)_j_JL oU_J__ J1 4J — _^_4_-J 
-JLu jo.An Ll_? 1920 r UJI <__ j-____j j . 4_Jl_J1 _JjVl _j1 j-___J1 J}U 
j-_ J_> £J-_- ui <____. 4-L_ljJ1 4___j_tl ___- jrLUlJ L_l_jj < JL^seJtl J__Jl 1 j-~ 

_Uj — <_1j i(jL__J1 <*. — <_1j Uti-jj cjI__JI (___L__j .^jjJIIj Sj__jJ1j _)_>j _ I 

jjJu jT j__cj 4_»S__J1 dljjjtUI jl JJSjj _, — __Lj Jj]_. __Lc, L__uf <_j__J| 
__|j__V i___> j__j __Lc 4_J_s_~ (j-»j_- j__J- __1_. 4___sL_J1 3jIjj>J1 4_l<j5 
Juu _>_>j_- --- (j-L i^J _>-Tl_)j--^U* (jt (j-« ^--jJI ____, 1 J-_ * Ju_>> JJ___C 

*(j_uj_* j-L4J_M-i _U-*J1 (j-a (__j_>JI 1 jla l____J1 U (jLcj-Lii (j-Jj . J-l__>L_iII 

aliJt> (__J1 __Jj_" _J_fj i^u-j-j^ j jHJj-^ Ut^ J-*^U (3_1 j_j _, — ^__1j 

. j-_u_ Jj>-Jf 2»-* _J1j___ -'L cruj-^ ^j_u_>f ^LlLI (jx. l_jI__>* ___ jL__Vl 

4j___J1 _j_-L_jV1 jj jj ^ ^— ^_J 3juJ_>. 4j — L-jJj 2 j__> _Kjj_ ^J--J 

^ Jj tfi _ — _JI (__ Sjl j_>J1 4_*.jj (J_lJ ^o^il _t _Jj_tj .(j_>j _l ^LU (___ 
______ ju_ 4__>L__I 4j_ Uj bjL_j Lul j _l_ j-->JI (jf _;fjj .___i__JI 

((^_tU -Jl Sj_JI < _j__- (____ _»_._- JS! — _u ji_ij (j_») ULJ1 _,_>jj_I 
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1*11 fcjU 


^jJLj ___JI £__JI 4_u__i jj_ ^Jll Jlj___J1 jjlj . *L_ t_J1 ____ ^Jill ___Ja l_u ___CJ 

__A 3_>jLjJ1 < rtjiotl Jj '^* (jl-3 1 j ^Jj . <_J_jjl__J1 Jjl<___J __j_ (jLjj OJ-' <J 4 

(_--£■ '^JjjjJI SjuJui *Lj tloJI Jjj__a__ t_j -u-J j * JuJ_>JI jj______ p j^t £_i__U 

. Lu — <-__) 4j_£L__-> p Lj — l-i Jlj is\a\ ^j_l__J dJjLJI <___j____JI Jj___a__ <jl jj_-i ^jCjJI 
j-l-jUi J-v-l--i j m ii"j t Jjj-» 4_Jj <-___> j U_a UUj (j?>jfi <ll ( j--A_c *1jVl -»_J-_bj 

__^_j|j Cil-y- 4_c-_/ <__jf 80 JJ-J JLi-a L __•_£) j_j_-.Vl _lJ_>J1 j ■ -^^ (jl_4 1jU> 

3jj_>l___JI t> j_4> _>^u-> j_u)La (j^j jj , 4J — _- *__Jf 15 - <-jWT 10 jJcj j Ia 

_>tfj-C. J_>jJ__3- 4jJ>L_ ___3 _>_>jVl 3jlj_>. oUj.. oLuLj <_> — ___>.j J_u_____JL 

4_i___j _>5U* U (_L_ J-i ___.--• j t (Vl 1» 4_>»j_4 65j .4_>.jj 60j 4 4_>.jJ 55) 
4_j____L_,1 Jj,,L>J I jj_<_____ _Lax_j 4_£_L_J1 oUL_uV1 (j-u 4jL_JJ 2Ju_». 4-_jL_o_<u 

.(jjj.tT-.tJ1 (jj__J1 oUljj <*r ___S ^bJLl __>. jJj_u>Jl JjJjJJ l____j 

(-jJaUI ___* ^LLLI» jJ-*jj3j CT^J-J V- 1 -* J^-** l>° J---^ ^j-A ^jjj --«J 

3jj__p ___, J-4-i-il jlJ_>J1 jjjl__jJ __£L_J1 ^jj-UJI (jt SjJLaJ 1 Ju «(_-->- jJjj_>JI 

(j-ct L$_JI Jj__>jj £J--j 1930 j-LJI ___J ^"---jj-j-G^L-ua j-~jjJ J . 4_UI __ 4jj___u 

(J-OJ-C J_>jJ___w 4_pl_4J 3jJLl -»_U_) _>__£_JJ t4_ul i n>tt1 oLJ_4_JI _>A Juj-4 J^Ls- 
o1ji_-JI l_£JL-i (_____. 4_ul — l_l>. Cl\A«C #lj_>»V JJ-jJj (jl Jj-3 __Ujj t4__l_ic_4 
*1j} 4jJlJL>J| ,,il jjJI L^ culy. .i,l (__J1 4m,<H jUJ 4_JL_J1 <_.UJ1 

4tiUt,l (_-_, (jl_> 4_ u! j£jJL jjJl>.j .3j1j->J| CjI — >.jj <___. <__j1j_jj__J1 tfj & 

(J-jj4_uJ1 4j» — lit/I 4_La-4 (jjjLii» (jl jJju 3l_pJl ^Jua (_____. 4j1jL>o| j->-jj c_jLj_> 

(Canon of insolation « jl__J_>J1 j 3K, j jVl 4__-_jL___JI 
L_ij_jj-j__jj 4_t_uVl ol jJ_J1 c-_wl__>.1 U__aj and the Ice Age Problem) 
(___a diljj (L4-JI _-jj____J1 <.:<<> <>>j (__JjVl 4_JLL_J1 ___j_>J1 c____c ot __J (___J1) 

4j| tj-4jJ1 (jja (jj" 1 ntlj 4-JL-JI (__j3 jAj t^Vij>j_Cj>L-ua jj_3j ,1941 ^-UJI 
Jjl_J L L^Jj___j _--Jlj *4j1j5 j_o 4j_jS-j JjLb- VI 3j__fl JM_- 4__3j J_> Jjl-Lu-u 
(-djj 4_i_iL_ JlcL_u 3j — __. JL*jj 1 1952 ^UII Ujj___> (___! j-j — LsJI 4_t*yJ__*f 
__>.jjxu Jl__3 4jL_>j Juu (jf_J 1 1958 ^UJI j io mO 12 ___i _>l\-aj-GM_ua 
J_->I -_jJi_v ___vjJj_l>. J_J_ JJ^J_> <_U,i.iU (JjUJI (_- 4j _____>. _g jj| JujLjJI 
.(jLuu JL>. __J} JaL." j-ii- J1juV (jlf? (jjj) M jmnl 
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^jL_ j__j ;l_1_ 4 4JLJ_>J| ^ <4^jJj_l>j| __UjM1 _>__ <_J 
>IjH1j j_u_ ___ <_L___| ^ 4______ 

_ij__J I j_ J__ oUjUI _^ L^l JL> __ <jL- * liut jl L___ *1j_j . 0 Vl 
l# J«3 ^UI _>_. 4 n , „r 4JU__ ^f ^ L_ , :. ACM ^ 
<jU <4_jL_Jt 4_.j_.jJ1 ^___, _jj 4a___L JUJ1 j_> U_j .^UJI aJT 
J~__t J__sf cjLLS ^Ijj J}__ jirtj^ _ij__ ^SjS^tl jLu_. _ 1 

U j_> 1 j__j .Sjujjw ol^jjjj&ij __L__j <j„ Uj ^jJjj^JI 

__.jj| I j_, JMi_ _} i <j iH --JI Oh-H oLu^ <__ ^j^ -jf ^ 
(lh^^M^ £>j*j _-«— ~ LJ_j) 431 j <^___1 £_j*_J| <j_____ 
J_uL _J_j , j_J JLi_ ^ jj ____ ^Cj ^j ^jJI ^ 4JLC 4*.j_ 2-Lj 
_t__U ^jJjo^Jl JJjJI l_ jiljSj .^jj-CJyi .^-^lj^JI J.iyu 
_*- £- ^> cu_l*L_| ^j _ 1 <jl_L ^ ^lj^ J>U <> 

J_J 4____ C_*_|j_ <__| t^^ljjJI ^ _}j_ \ ĕ ,^ v ^ ^ 

_L_3 <j^j____, __U_j_J| „j__ ^jljj jyj^ iL ^f 
C_u3j <<-_„J$!1j <-_L__VI __l____J| j^J. ^ ^hJI ^ Ij^ 
_L_^1 ^ _3Uj c__l_ ^jc-Lu-JLia^jljT^^j^ L«_? 
<^1j<_-J-"__*1j___?3jj_,^_^ ^jj.J_j-<>j jJU 

^ ? U _L_ jJ_ __1j____| < h ,W j . L^3j_ jo_ __L_t_J| ,j__ ij-.jiiL 
I j_j ,4_t__L1 jj___J| ^ cjj___j oj_o)| __L_l_J1 ,j__ £|j__Vl 
j-U_ J^U_ <jl_ _U j_ ^L_UI 4_^ ^J Lj___^ JJ_ 431 j j__ <__ 
j_> (jr. LU ___<o ( j_.| ^jl,^ ^l j__Vl o j^J ^ r .„< V| 
c_Jj ( 4l___ oL_L_J1 ^ j_ __L_ U_j 2j1j_J| 4^j_ Jju j Al., 
__!__» t____u 4_J___t1 ^__u_Vl j_L__» ^Uj". ..,1 4^1 __L_l_JI _V 

jjj^j .^j^UJI ,L__J1 L^ji^ ^i ^ULI ^j SjIj^ji ;UjjJ U_j 
*c_!vU__JI „ j_ ^ ^jj ____ 4j__I c___UjVI _t j<: jJL 

o_j_*_j . j_<t jt cu___* a__, ^jjjU ^ju. j_j_iJti ^lui _L__p u:t_- 

<_>___ V__^J -^Aljjj.^^-jj^ ^i^lJI _U__Vl4__*J 
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a_U juu -dJij S* ] 1967 L*JI (Science) LJH -J*- ^ JoJjJI 
___- 1_l_ jT ^ *«ol — _-UU M— * J — <>• I^J^ 

A^.A^ 4_u*_T 4j jt JUU Uj_> jrUJ i^U___'_*1j J j <^riU I j_|l~ V1j_ L_J 
j_4 ^-Ul _Ij-Jl*J1 dJ^J 4- u . i. l . , . *»-1 1 JuJ — _i <j_sjVt "t^J^ : ^JJ^^ 

J .^" ^,111 miM 4ji ii! 4_j-4^0*j->- j_9 4J_l___> _t j-l*j L4.I 4j — i__U 

5-1 rtl"Vil (j_-j-*J1 Jojtn--. (__J| 

Sji_- aiU3 .<U>L_J1 _--j^jJ1 ^\ Ljll_j J1j__J1 j_ 4jU-)M 

J— >-> <__Sj _uj 

£Jj1j_J1 _Jl*_j) j^l IJU». Uj^-i-c <_;_-__ T ^jJI ^jJjj^JI J ~- '"^ 

4-JUJ1 5 j_J1 Sjl, ^ t>j-M v_j_ *jauMI 4JUJI jL L j-ti-j (_--Ju 

^U- * Ujj i 1 J_ I *J-l) JLlUJI j_ UUj LJLs- j_ 4-—1 <__ 4_*JJ_> j — a 

J^_jJ( U_.cj 4_IjJ1 _l U^tl _1jLu jT ^bU il .(2LJUJ1 JL_oJ1 

L^L—J U ^ujS j— <_ J1J «— 1 ^Jkl j-tC j-« ~W (4jj__I (j_L_U (__JI 

jSJj .jL*_J1 juU. jj_— j-lw <_--'--' *U1 jl .(j_ ) __ll *jj_ j-» 

jL. t 4_«j___JI 2LJUUJ1 jL_4-Vl l_1J_ LJ < h mi<1 U_Tj J-^lj j-L>JI jru 
j-U>U _Ua <_-J1 J-—J 4j___ _i1j_- JM — i- Ud jK jf SjJSJI _ -< i"V' J— -~1 
__«__ jl Lilj . jrt__JI j-a j^J*>U 5__ _CUj Sjjjj 3j_ (-_ Jj>-j jru_-_J1 
Jjj_? 4--_li*__1 ^jJI - n n iiWtrt^nT U 1 j[ ^EpOCh 1j-_£_c Sj___J1 />_--> 

__. jt_; -dJi JLl, . Jj_f <>»j ^jJI jSJj ^U» 4JL_ L__ i ___ofj 
^--.-Ul ^ 4i__. jjjl« 20 j__ j q"n»t s£ jJI j Jce Epoch ^juU j-_-i 
j__ _lL, l j_ juUJI j----c ^-^i-l j t Permian Era er-^J^' J-- J - , J^- 

^jiw |j S j_i_) jrU Uf3 4jI j_-_JL>J1 lju_ JiLo j_t — ___uj.4J — _« jj^jU 250 
jt <jj_) 4_jLJ1 j-« *Ui—-> 4_-l — i_a 4jjL_JI 3_>.j_>.jJ1 4_iUc. J_-J 

JSVl (>_ jT) 2-—5J 4jT Jj^/I : jJj-cT _-J| 1 J_ ^jjjj . ju__1 --9-T ^J^ 
__U1 jlii -dJjJ (j_=j----J1 -Ujki- j-_ __IjJ1 -jLJI jjl_« (Jjju 

(^jSjLSJI jl (_-___ LJt .Sjjj-JI 4___j_ ^_- ^L_-_J1 ^ _J-Li Sj_bJ.1 
^L_s f.j_j _-Ji _$jjj U- i^t j-oj j-_— _jj _J_1 4j1_ < U*i m . j U___ 

(#) I. J. D. Hags, J. Imbrie L N.J. Shachleton, jVariations in Uie earth>s orbit: pacemakes 
of the ice Ages", Science, volume 194, pp. 112-1132, 1967. 
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4jU*J1 oj^J L*j1j ^jjJi <^JJ>J1 t_*iaiJI SjLa JU3j .^utib (^ .t jl^ 

lJuJiI* j*j ^l£. jjU ^ jJlj ^J—J^. jj^r. £jjj ^JJI ^nWitt 

« .m " ■ .< ) (Permian Ice Epoch) j_J1 juL>Ji j *L£j| ,t v 
__J| 4^1 jJI *UXI ^ 2L j15 3 j^. Jjj-UJI ci**^ (JJ1 4jjL-JI 4^>*jJ| 
t 4J_^ jjjla 200 AjIj^ jlwI *l__ju ^UJI ,(a J; Uat| j, U:t| 
Sjjjj^j^cjlaj^jSJ.cjljj— __,UjjJI L^^^j^jjl^UjliJl^^b 

*U — 0tS?^U 10 J^*-» -L_« CjjLc ( 4J — u tjjjL» 55 j_*j j_U 2 JT JJ 1 '" 

^jj>JI c-Jc-itl Jjia ciLJ j juu t Vjl LCu, _*t JU. Jjjia 4jjlJj>JI jUj Vl 
4J — " l&J>-« 3 — __*>. j_U 4jf ^__>. iSjjjS' SjLj ^ juJUJI ^lUttl jlj 
cjj^jjI 4jjujWI jL$jVl tf JUJI ^l jj j-* U* ^ci^! <jK 
j| . 4j-iu 3jj__aj (j_- ( h u t <\ tj\j Iaaj i.i^lj t ",4j u « ^<tl w ^-^*^ ^ 
oLlj ^jJI 4jjuL>JI jLpVlj (jjjjjjJI t_JajJI .-.l^ A K r.<j|"'J 3jLe * i ' • > 

^JU—jJI i iUritl 4 flt*w a Luaj| CjI Jlj i I jj LkLldu-o j (__jJI 4JLjjJ_JL uJLlA 
^UAJI ^jUrtt l Ja.i^J.1 ^jt^^jJI (___£. t JL*_*_JI ^ C.l.-^j^-l». j jm3 

r.tn^ 4jjUJI 4_-j^_jJ1 (j! cdJi VJ ,.,j i t .Uatl ^j^. , 2 ... ; Ut| 

U-d ^Lm_JI oJ U^tl J__pJ.l Jjj- 3 ..nLJt _y» 4Ul£ ____>. LocjjJu 

<jt<-_J_ VjJ.L*_-^j^j_>^;i__.U1 *UI(> j^^jUi^l^} 

Vjj ^jJI Jj>UijjL Jj_*-J (jt j^jJL jJJL^ . JuUJI (jjj 4jJ1_- I jl--" 

Uij-i (cr -lUVl JUiJ ___UI jLpJI jL^ <_i1 j_*j1 ^JJ ^lJj ^ 
ui^j * Wjjj^ 6^ ^h!>^' ^jJUuUI 4rtt-iUij 4jjLLjjjJ1 jj>J1 ^ajj <±._p. 
(j-4 calj^Scj jTt ,„ \ U^ to ,Untt 'K:^* 1 (3j'*Li:*j lC 'Jr UA 
cr*^j * « U^M-* 4jMj jjcj JLU SUj-kI I (^Ij^I 0 Ir JuL>J1 
L^oJji Jsx3 — uij (jl (jiwjJ 3 — uijL 4-flJLi£j ^jUrttl lUjj»J,1 djjjh. " ^ajt l 1 jjb 
JjJ-i (jj<j t 3jUJ| tJjjj-aJI Jjjua*3 (J3 cJJJlJ (j<Jj tL^Sj^ j^nnjj jj!J1 
U?^ O^J^I V^ -4j<JiJI LjLclSj^U 4o^UtJ 4j_uiLa>JI 

L^jU L^aj (j 4JLv (Ja (cdt j jstj j! !Clum 4; ... (jjj>U 3 ...^ 

4j*JL 4jajJLv Cf \tUn\ \ MjT Ly jAju < < - ( j^. ^4i^L J^ (J3 3Jljjj3 4— JU* 
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.dLJUj 2 lujLJLj (ji*JJ SjjU-wa 4__ljieJi 4 — ^ljJt>. l_j1jl>-! 4_ij_<j_5e_« <j — C 

■^»1 ^tl 5 j£J1 (Jli^j 2L__I jJl>. SL^LitJJ ( _i_l _L_>.Vl »JL_> j! l_____».}UIj 
^ 4jj_i 4je_L_>1 j <_-l-*JJ <_-— Ul 4j_C1_JI l_)LcL_u}IJ I — ujLm^ l_-__j_£J1 J*_*j 
. Jl£*JI 4jjJL>. 4j^jJjj_>J1 4Juaj>U (_--^jJj . l > JI J_*-i_Jl 

^jji^^ji^ijji j-J-^ji ju^jji^^iijj^i^y ij^^t ijla^! 

l__ ; Jj--l_JI 4_*.j (_-!-- L4I4 J_> , \ 1 <n 4JLal£ Ji-lL>. JJJ---<- <jja 4_^L_ic- 4J — ______ 

tdlj Jla l\_U? l__JjJ-> j sOMj j-*-_-_- J^l>U Jj-^-_aJJ <4J — <__ lJJT 100 

(Interglacial) 4jju1>J1 jj-l-uJI U olj-ia SU— l_JL1j ^jjJI \ & 
2_L__-L_JI <1&>\ jJI 3j-L_JI <j^t£t>N Ijla^jj *5J_^ lj3VT 10 4j1 j-_ jCUjj 

3j__3 - j-Lc <_--iJi J>L>. (_,»_-.--» J-*-j (_---- ur&m l__Ij_lu (j^_LxL>. (jj>jua£i jrU 
^LLaj <j__ Lb ^jjtojja Ji ff- < («U (jt JLu - l-jjj_U1 £JjL-J1 j_<-C J-t 

I j__b __J| l ^Aj.^j 4_>-jJ> J_.f ^LJLl <___. j-jiu CjL_*.j_<- Lxbj| 4-4JJ .ljL-SJI I j-4> 

/»j<'Ah-, Uibaj (__il1 oL__1__jV1 (jruj L$j_l> j-^a-sJL <_, — <_u_ujJI <U «wt l 

JoLloill 4j jjiTn L^s&Jjl jj JljJl>J i_£j->- _> j-A -L_1>J1 jJjus-C. jt jis jJL jjJ->.j 
JJ_l_-C l_-_-L__l)J . jj — C-J^lj j-jj — __Lj_J1 j->L__j (j__*_l_s_J — u±A (j-cL* — <_jVI 
LLaM __! (jt_j . 4 ,,, pjjla 3.6 (>a M-J_- j_£T 3j__- JjU- aJLA JL- A . UH 

(Great Valley drift) («-J-«JI t-i j_>J1 _<;.-1j <_r- uiA-^ Sj_i__!l dj-* J}U- 

L_~_p- i(4_jj__>jVl ^L__t__JJ ^j__£j J_>Lj_- £___ 4_u_0- J_*t) L_Ljj--f Jj <_u 

LLJI 3^ jjai jT JjVl ol--jyi 4j. A fuJ_- JSL-A tiJliA JL.-vli u-^ 
^ 2l_jjl>. JK 4_i>__ jj^lb __J| ^j! ^jJlj .(Hominid) 

Jj_^j ^-li- JJjLJ l_jLjj-->.V1 ^JjLj J -r <» Lj^jjj _ij /^(jSt-J >L_JjjiJlj 
JJjJI JLClJJ t C-4jJI Ijuk JM>- 4_-L2JI t ,,s<~i°,a u — l__<u (jL-_jVLj 4_u — uj 
l_jLjj_4_--I ^Lill j iL-iJL-j-so 3ji-j ^j-cjl ^-JLc. j-|jL_f j_jT JjVl : j__Jjjal ^ 

,_L- f«_ a js^Vi Li-Ji sj ^iii ^ ajj—AJi aj>L__-Ji jl_s___i ^jjIj jy_u-- (*) 

«2^ujj>JI _-cL_JI» tjji £yu l_Jj)j ^jJlj JSJ (tii^-ll o-MUJIJaUjB-USj-iL-t CjL_Lj_» 

(jr^j^i. (j^*. JLa L« Jij .(jjj-iu-l jjj-aJI L-tljn-..," __** L_L^j I jl* ■(Molecular clock) 

.j-2001 i^jjl 'oi^ *«JjVl ^j-iL-_<-JI» L^jIiS' (___ (_>-Lej_i__ (^-ajjj^j 
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(jf oL*j-"l 3JT 3a__l — uia jjj (>4 4___«j V 4_t (j_« ^£jJI __JL_j _____ 

(i>^' (jL__yi «r*— -~ I JUJ^CS Jj^__ ^jJI L (jrOj (j_c l__jju 
4_L_ ,(J3UJ1 Ol— «^yi) 0 ,,;nl ,„ j-«j_- <J\ 4J____ jrjjjJU 4jujt jt 4_}i_ 

<jSa^j.J_i_/1 c ___- LuJ^yj Jij-^ ^t^LlJlj^l^^L^^JiiJ jt 

^SjSl\ I ^moa ? <_>_£__ __ic 3j1 j^J| 4^jj __.LL_j L_bj__? _gj £ __j_ ^| 

^OjU j____c Cjj J__. JM__.4_t jAjjjBIj 4-wj.LL-il _P_jjl11 _Uj____. L; ___£ 

t>°j 'j-—* 1 J^ej >*J' f*-u^ dojtj 3jj»JI 5jujl£ cjIU^U ujSwi J^LS 

C^!^J^<_-- iLu-^jtj.CjLLiJI j-__-__s_Iij L_L_o- j^I^j^I <jjS_(<__ 

cotj t (L__}L__,t ^ (j^) c.LL_J1 (jlSLu, ^Luit _j__> 4____Lil 3_L) 

-_-i__, *___L>-J . Jj^JI __J| OLUJ1 £y> 1j_--___ J**J\ _ j__ __J| 3______jl_i1 

_jji__t -_a < rtjS^ JI CT k- (t__ j_L_V *L__JI <__i_*_ij * jl j__V| Jjl ___j_S <^L-*__I 
f*^L- 4jI«j V U __J| j^uu (jjj j_«l__| j^jJI <jt jjj .3jujL»JI SLpJl 

. LLSo Jj__i_Vl Jj^JI jlSU. -_* 4____l__U (<^jLi <_-__-_-ij ojjjojm, j^jVt 

Oj_s1jjj -ijjJaJI 3j1j____. r, t _dJj j___ jl .4» ,„ <___lt 2_iU juu <jSJj 

V--^V1 jj^L _>__ j^l _LU^ JM__. sLpJI jl^ _____ Ij__j ^ _jV}U-J 

1j_iLcj lji__iL_jj ( L^L___ £____! ___J| 4jLUI (j_. 3_>L______ J _1 4___j__ ____uJ_JI 

>^j-A^j.^j|_x__to_.Ljljd___^^ Jj_____J1_£j_^j^_ J Lt<_ y _. 

0°>^l 3j-_tU_> J-_tl — __j <jt 3j__ (jjj — __<_ jt j __c 4_jUj_J1 dl)u_ jl jSu _Uu 

4j_j__j «.LSjJI _>____! _____ c_a____1 cJu_Cj ^(ratcheting effect) 4LL_L__J1j 
(jSCJ ;4jLJI __s1 ji_t __]__. ^LLJJ (jh,,,^ jj| ^LU ^UI U^it jLlcL ___jS_iJI 
>_rtj j__C? lj_uS_ij -L.L-JI _L__.j 1j_iL_ L.U_ j__CVl ^__J1 .L__tc_ 1 VM--« 
. jLjjiJlj ^jjl , * A J l Ij-^-u-stj ijLt-i^l ,U,„j SLpJI 
f LjT ^ 4jjL_J1 4j-.j__.jJI 3 jS__ (jLi 4__L____a>- 4_____JI (jjS-i Ujj 

(jt J J .r ,-JI ^ 4_L_i ^^-^-...O J-U_ Jj___L__J1 C_-l_C (jjj ____- (jSUj . jijjt, 

4jujT jt 4__^ (j-u Ujii U ^ jJI (____. LX1 __-_«__!l _jru _^jJI _^lj_JI ^j». 

jJlj ^CiLLiJI (j_C___i Lk. 3jj_. _j__ j___-J1 jjj__j _j__jj (j_ ; ,.,_H _yj (jru>U 

•Cr^J-^ ^>?-* *4_-__u uru>U 4*jjt jt 4j>Lj jru U juL, U_ut tj_j 
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SjjL ljSjjJs *>cajj ^jjUJI ^j-^J^ Oyi t*^ 1 c^I ^bj^jJ O^i^ 

oUUrtlj <>jVl t 1 -^ tr* op! (pllj <4_£iiJl oIjjjJJ 4__jlu 
ji* 3 : ... L,.t) a, 4^-1 ^j- suj^JI J«- Aij . Ljjlj ijS^I 

2LujjjoJ| cjL^UjjJIj (4jjL_J1 4_vj_vjJ1 < -■■■ <«"\ Jti\ J*>Jt ^bWP ^ 
^LuuUlj (j\u_J <i>- Oi^ '-'--^ 3/UII ol jjjJI j-__-_3 <___l) 4_uiL>J1j 
^jjLj jjjl*_) 4_-uj_4_J1 4j ..mULjJLIj (j^JI _— <j_ — )Lu- J_i__J) 
JU_I <>- I mhm,Ij *L_Vl ^Uj ^ljiSU ^j (4_u_jV| 4, a ,,mU L_J,I 

w — un cjLSc_V1 <j_J -1 Js. jj__l ^jjJ—jj ^jjUJj ^Ij Ji* *U-_ 

J>ta SjuaU Sjjirt ij U— }L£ I — _j_bj j_J .(j«Vlj - <jjjjL J— t? — — ' 
2bt j_> L_ _M U££ SU-J1 Jl__t c>* J\ ^ ^jj j_>i 
. ^ Vl _ jjVl gu*» l«__ _, L__ ^l j . LjjI j ch^I ^L^VI aJUu 
«^.S^-JIb^JL-JI j^^oj^^^^b^l^b^y'^J^J 
L J*_i <j1 _Uj .(jjjoj J-_-_ij JLJU joLJl^ JU_L o„$_ !jj m; j_JI 
fj ^JbJI (> t j^ 1jJ_ (jt J^j '6d>- (jj- 1 ' W t* i-^J 
j-i_ jl t ^-L„!>— J1 (U*JI 4_l3 jL_ m;jJIj « j-uSC j_~ <_-Ji 4___» jL__J.1 ^pj 
Ls___ (j__Vl <_!} 4j__JL 4_uji. ___" (^nJlj L$j- jt — _ <___! J- J Mit l <j_ 
5 j _L_-> T jlj U j_ I __j .^JUJI Jl <j-Jij_j 3jJaj U-J_ _____ <___JI 

UUj -_lj_j_ ^l ^lj-CJI 4jjJ_u __1jL_*__-l £-a - j___ £--_J1 <jj__J1 4jL^j 

._ 4 L i j__,1 J£ __!__ ^JUll J& ^LLiiJt *UU j-iSLaj a^jjJo 
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^ljtfl f L__ai 


Cr^J ' J — «— - £-—--_JI 0>2JI < rttrtT-lo <___} 
jj «-_-»<■_ jjlai- <______ jjJ__J| I JJb j_i___ 

L*jJjJ-_JI __jj ^LOJL Uiti jjuj jl_ 

oi__ai ^ ^ ^^s^i ^joji 

L_U_ ^bljL. L$j J___» 

4Jl__ <__ ^L^SJI _djl___. <±___^ 6 t 

S-^<> ^ljL-*-! 

c_*jj ^bljUs <jK j— ___ -____J| jjj--JI 

I— UjJ r" cu. 0 3 ^JI jjj^j oUl 
-U-1j (jJj_£JJ) ^j^, «____ L$J 4a_*U.j 

*_____> __,_£]! <___ (*l___.Li <3l_?j .___ 

j—J i^-j-Uw» jaj__ij <LLa j_uj ^jrjlitl _ c 


t> f>'j-— ■ t 3j— . 

. 1905 ^ LJJ (jrj___i.T ijjlL 

U-" o^j-uJi -— J «tH— Jj 

_-_*___-_u,____.__. J _j_- 
_J1 l/ h,_« 1*915 r l__)| 

4___tl U_ («uiyi ___ .L^i 


,»_ii&,>u 

£j_Jtj JiUI ^-4 2LuM <ua_i jjj__J)M 

^ ju_ jUa^JI J* 6^ <*Jj • t^l^cr^ 

^ ^So *L_jJ! Jib J-- L___i* ,U > *_j)M <jj-W 
jt^ ( .tj_-_L J .T. „,11 £__l <i^- 0- (t^ 1 c^l ^ ! J 1 *^ ^ 
oj^ jjj! L^j-V, ,„t oLk__1 <j-_ W t>» ' " 
_Jj jJI 3LV.^a L_v»_j^ Jj_- ^jJIj) o^— b^» -Ui -Ujjj- 
^jJI j_ (1879 - 1814) jl ,„,r <>^l_ c^UVl <j_ij ,p_u_»JI 
.j__, £__!! (jj^l dil.MM,^ j_Jjf d# J* ^b-* ' --^ 
U__* _J_ o-^.l j-SjJI r j____tj 4-i____ £jj_j j_? 

^ jjj l*J (^JI *_l--b H j cO__jJ1 2^ —- "i " W ~- 

V j^L £j_JU *L_jJI J-u-jS <_j •c^k-J^ 6?Lh- 
ij ^ SlU^j UUjjj i_j— j (j*— L>_l _j1 j 3jI j__ e^jja _r— *i 
^ ji-Vl £j_Jt UT .^jJL *j_-** *_jj <jj_ mj^ — 
JL_3l jj_j . ji_JI *1j«JL ^L-JJ J__j -tipi d*^W_ , -"1 - 1j S_1j__J1 
^lj^JI j j_j JjSjJI J^jJI ulj^ t^ji t>— ^ * ai__iJI 

<jlj_k <j__i-<jj j-^1 gj-»JI *W> SjIj — «J( 4i>^ <- *M 
J^juJ ^UjJI *UjJ1 £jL_W J\ *\&S\ ~* « J^j- 1 

jiu» ^ <__Ji j___jl__- 3j^ _ij_ ;uu_Jt Ljj* \'4 . 

^UjJI J~_ J__ (>. ^ jJ— (j^J •t^^ 1 

.^t ejjjj^l ^lj .(^-SIj J*Kfci>S3 4j> Ljjjt j_^jI Iojj ^Ij-^II 
jLmjlL ^juf > 2LJ_!I jj--I j <-l J--I > ^^J-^' - ,m, . ^ j 
j__t ^-LJI (jj_JI t-Lin .,,0^. <____« (> j^*yL £_u_! _^_- 'oj^-j 
^lj^! 4__o > W-wb _____! Jjjj ^ «^-^ ^J-^ 1 — -.LL_> 
^J.SL-jLJI^l j^l£___aM;j___4 j_^^lj^l J__^ ( >«--Jf ( j-* 

/a : t,. d tl a__Vl) c_Ljj_a)/l _*L___"! l_J- ^l Lo.jJj-_1 

l_L__I ^i er--! LfjJt cU-l > (- (>i (^ 1 ^ 1 

.^.cU-yi _>L__I 
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<g_»f *Jt _h_1 

2U»*>tl 2b__Vt j 2Ubj^tl 2b-_Vl 

1801) J— jL (j_j-Jj_w g-lW.ml Jw___ £__j_J1 jj-iJI CjLliLaju <__< 

UJ^ 'UJ-* ^Jt^jLteJ *Lj_i_JI _, — _ J-L^ T ua j_i_. _L <_l j_>j .(1868 - 

<>j__jt t^jJI _>_JI c_»jj_*l L_^jJj_£j^ __!J 1j__ 3 jj ( j„ Jj1jfj__o 
»>J_fcL_j _;jJ1 __bjJ1 _aJ_ '*•'*»- 'f c_jjl__J1 j_c 2ULuL-u l£>>-1j . j_L___ 
»>j_j) _Ljj__JVl jru <_)j^ jLu (Jj-*-. Uju£. t__±jUVl OJLA Jla <___ 
1824) __jjLt_> (j^Jd O^J '(uj .j.tl <— »J-J? Lo^jJjJSo L_j_bj_w __S 

____,? _J_*J1 Sj„ JjV |jJ__»J(j_, J_vf ,j_jjj JLwMj j__f .(1914- 

_JJJJ t_*-uUVl <>j — _ Jla (<_J _j _jj__Jj) _jjl_J1 j 4 4 ^jIa 

1850) j*I_L„jj_ _fi_>.jjf L_A j_^jjj 5 i j oljLt—o JJLjj I i /A 
•L^J^l^J^ J tJ oU <j\ — «j>^^ tdljbT J--*JU (jl^^JLJt .(1930 - 

o jj* ____ j__L_JI _____i jT -hU^U ____ _1» ^ul JJLU ^ jJI j_ j| 

(jl j-_u _____! ol_ _J __jj . 1876 ^LtJI ____ 4_fcAj_U _iljL__-U 
— VUJ,| Jj_j _3j___u Uilj (<Ljj__oL„ <j_ <jj_jJ_J1 J__) V>L_ _,__> 
» »j <_j__4 4j_i^^L_ja jj ^ (_)L_ j^a Lgj? j_> 4_t , \ 1 t - 5 L.I *i 1 1 

d-_uj «2L__Vl. J j__T M____ ok__jJj- __-___l . 1886 ^LJI _^j 

_jLiL__ j^a (4^-jJLl CjI — jjj_ijyi <_>LL_t) _il_j___Vl t_»j_j j-4 
3___!» j__l L$Jc <jJ-->tj .<__jJI _U j ___, L^>Jlir~ , hj jl_ (__!! ^_jj__J| 
4 j_> (jt <j _1 __jjuj ,c_»j__| * j-$J <_jUVl ( _1____U <j_*» JL*__JLl «4jj_3 

_)_1 cjIj- » ____It 3^j^ _»UjjV __1jL__ <__ « ___u^l)> 

. j__*t jf (jJLH^i 

_ijJu_( 1871 j_>L_tl (_tj Jj xj Sj_L 3 j__ j_a du] j^jJL j iJL>j 

Jjjajj^ f.\ — j>$_J1 __j_^jj L^jj_ <__3_j 3__3jj "uSJULl <Lu_^>J1 
Ujj«-jj_JI»)"4_^JL1 __, VI o!L^^>i-ljc( 1883- 1828) (_Jjl_ 
^•^L^SJI J*_j (-J___J1 «.JaUI I^IU? __1 j s_U oU, ...^ oj^- 
j_j__uJL __UJ1 5 jSJJI « jA (1919 - 1832) ^jj^ jj^jj Jo__J1j 

»2L__SU ^ou^tl 
.1871 .236^.19 j_ai .SLjSHl y*>JI ___w ^-.b^^*) 
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5- ...t j_£Vl ^ijijjoJ^i 1832 j-ujj 17 jlJIj^^ t<j__-_?jj_» 

j_j__ 4j_*1__ 3Lp- (jiLc . JL__f <J>jj LLLp. J-**- V^ o- 41 >-__<_ j — 

4j_4_ -_«: <j— SJj <4jLr*. jiiLt — 3 < UjU l <j__ JjJ-_J1 (-3; — *_J *4 — <_jjLo 

_jL_3jj- _jj-) r< « «r j^? Ij-cI — _-jo Jj*_- j — j- — -~LJt <jj--JI oLlpjj? 

^2bj>j! jL^j^i^ j^j.gU»jftu ^lslui aj^jb 
lj-__A____ ^ , 1855j 1854 j^UI J>L_i- _» J jj_____1 c_i_JSolj 

1855 (-.-.IjjJI ^UJI J>U ^jJj^ j "« » « L*~ Cjr^ 

J M^ ... vt 4J J___-> 4jjI _>__ UsK VL iijj _jt — J-->- <*___- . 1856 - 

0 ?j _-_>_>. LjLl^ >u__- l cLc^p. i( jji_a _-J| jLcj .<__ im 

_-L_ L__j___f ___J1 <«*L*_— I *U>t» jjjj JLSL*^ 4j__jj — _wVl ( ^ 1 1 
Liilj __i_ Lp) o^JL>-> — LLIaI _._Ji____) . 1906 ^LJI _-_o- I — Ajjjj>u 

___. 4_i _^L>Jl sj >Jl lL____> JjLll) l__J — _- Lul j-lC (4_p-jjJI 4 — cj-J1 

Lc. j-La Lijojt 4j1j_____J _-1c l__ JL»V I . l_) Ljj___J V I L-3l «VK I 4j____> 
<_--J1 (jwo (^J-ilj) JjJaiil ^Jj-dJ 4j fL--L <-fljjy) Llu .-r a 

£_jj___Jl J____b <j___jj_? &1L"...I j .4_ujjjVl SjLcJI ___> ^jj_t_»L_jo L^JjLa- 

3 - . u .S x \ _u_w^____»J1 4ju___-11 _/ _-j U <<>->. LL_j-t ^JlSj _jl J_-___Vl 

Maltese L__JL l t j-_jL__ -___>j __!_. 1jl_.J *" m . j j .«-j--_JI» 3 

^ , , J^" LL_ jj_« JL- _-J__. J.^.tL-ij^-l Jib ^jl-II Cross 

. i j-i^- j^LjJt c_»jj-^ j' lt^_lL_-__1 4_____J1 t__-p- ijpjLJI 2__>jJ1 

L 4j1 L«__flj_a *4jui Vl 4jsj_>- _L___jj 3j_Jt___ ( rtj , 1 4j_fc__ L__jI j-__-JJ 
. L»_*-j L^jua cJnv Jl_ (jj_o _-_--. JJJG 4__*j_1I 4_» — __S/1 jjjIj J»-3=J (j| 

ojjL_J1 Iju^ u *j>, n ?\\ j. ...A-tl ^ ^Iju U 1879 r LJ1 JjL-jj 

_ys L __ i ___tJ1 4-lJL_,V1 _^jJ JUmjJLI jjMirt"H j_- 1j-_» -^J-i-cl L (jLj — loJ 
SjLoJI J_-L ^-^*"^" jjjal OjJls- L_Uj -_4j ._j^L__jj-J1 ^Lj-pJI f Llc 

(JJ-SJI l_)L_j_Lj ^ l^" _;-_» 4jt L_Uj (I jA-Ut __-5 L__J___J- t 4 -UJjjVl 

JLJLl (j?-c_t__jj l-pl Iju l_jjL-_ jj juutt, J^jJujt, j — ^ ---iJI 
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tgl»f JJI -l__tt 

I j-> 0' U^l *A>-»j) 2 U____*| ^ jjj_ <J j_J ^.«jj^SJI 
5 J_^ ^a-" Cr-c lSJ—*^ LfcJ_ 4jjL>_ _7j_»4 __iJ1 4_ j_JU t__jj_ Vl 

£ — "itj J£ — £u _ J_t_j *(CiLjjj^SJ^t £-a __^Jjuj C.nt- jLc LL_j <j_ 

. 3 j,,MU Ui^jj^ljl ""UjJ.1 J___l t>a J__ 4*___M (jt 2 j£_ _JJjJ 5 rj y. 

<J— £_UJI (jj-SJI ol jntoM ___! Vj Lul^j ___jJU fy <n"_ ^uu 

___| *"___t _____"! a_*_uj Ljj> tjU ,V>1 *L>o_J1 *L_c _f __J1 | jj__ 

•((jL— JJU L$J (j_»j__u_ ^t) 


*>*_J 1 <> llaui >>-*- _ 2u__ii _ Lu 
<jj__ _J (jSUj V ^LSJt ;____? _J 1894 <_ LJI ^ JjJjJL ____j 
*cr*- Ots* ^J^j i.mU LJL^jj^JI _L__VI J-LiJ <j„ _f__ _ j_a_, 

4— j-«-u<j-« LhH^ tlajl 4cj — <__> _Jjj*_j L^jf Ij-_>u1 jj ___jj .(_». 

J ____? J£ _,j Jj_ (__UI Jjj — u£Ia o ____, j_"j__ <jl lSj-- i) * >-~J1 

j-L-l JjJLtJj .( jl j___J| 4^_caJciJj^j^ ,ux.- 3 U- < »jj4_J1 _L___V1 

4J____ J_>_ _j_t_J| 4___t <jf J-J-' 3j_ _1 ji_L -jjuljj 1897 
J__J1 ^ *LL_J1 ^jJI) 1895 j»L_1 ^ olj-u _*»- _:>^tj .S—ijj^ 

»-T __?! — 5j-s__ 4____Vl _J _;j_-l <_jj1_>_ j_^c^3ji ^jjI ^ (10 

_jLu___>J1 4^>j__ jjj^j j__ _, — .rnULlUI JUJL1 J__j _* /»L>Jt 

_-ij-_C ~ jL ^jJ___J _H__ _JJ__t1 4_j_f <jt __Jj_* (j-UJ .Ljjj^ 4jj___11 

l-jjL>_ ^jlc 1897 ^LJI (___ > ^c^j 3^, 1 , „ _ Uj__ __«— jiJI _j___ 
(jV— ' dtSH Ujl__ «^j— uVl» * juk _jL_j__>JI _>_>) jj>. __L___TI - ^ L^ t 

(^icj _il j_j ( L_uUf ^ (jU-j.* j_Jt j - _j____ti | j_ ^ Ai (J—jjJkT 

(J^J^ Oj-lh> cr^ <jL*aj£ 0-* • 'j- 1 ^! <j j — J--t j__j 

c^j^jI JWIj (^^-^LlUt JUJU J_L jjfi_J1 3j_il __lj__j1 2l_jj_, 
_1jj! (^icj jL_ J_jj__ ^lc tj;j_>_ __— Jl _j_U1 1-^-^' ^ 

4_s__i 4j__> <_jjU__1 6 JJb (j-a _,"._u_j (jf £Lts_i _j| j . jUJl ^j^j _______ 

*j^J _J__« L_^______j(jT £ 3j_j.e/m Ls__; ^jj _U i ___ r j| 

U» (j-»1j-- o-«f% *Ut jj__j 4j _ aJJ _ t ____t1 cjljLUI jt _u 2u___l 
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Jl ,V,VI Jj_u a"i j- C-r «M CjIj jJI iOUjj! <_/_M 0-=^ ^ — 

a. 3j_>.1 j 2Uj_ <___- Uub J___- 4.1 4____ot U <j£Jj • -^J---^ 

LLbjf <jj--< £ o"*s • e / m oapsjy» J ! ^^*-^ 

e/m (<>-__' _« jjJ <*_<_- 1 ^e-i^i _;jJI uj-^j 2 ^ ^ s^ 1 ) 

j-~t_J _jjt_Jt 4j__t <_y» 4_oj_>- C__j__j1 t 4JL__« 4_tiS3 U.-- 1 mi a 

JL*_* j-utu 4_JjL2dl c£j-*-1 2Lp>_Jl d^j-r^l 5 mhU -juL» 
_£.L____^ u-ut-J ^ 4^ UU^I^.^ i .mU L-L* 

4j1juJ1 jJU 4_V dlj OJl-JI I J^J 1. *-»-i_31 <__- U5b J--*J 4_t 

. _>jj_SJ1 <>~ 3 Sjl t~" * C.Ujm> <>* U^L**"- *-* d>^? jA? 

_,ju_t j___ c^jb *ni/e t^T ^j-L*-* t-jjL--^? ^i" 1 ** t>- ^J 

^ ^jJI) ^jjJL^H 4-.-U1 4*J-lJU UjUU i4ui_ J__>- ^jJl 

ajbsr jt uj ^_i«3 *(3jLp.j oUjjjj-J 4___u.i u^-^jj^' «^lW o^*' 

<>u U 2UuJj3 jt ila-*. 3j-u- 4Jb__J1 <jl jl *1jl>. Sj_u__ ^y-UI f h! 

JjjJ 30 ^jj 2U<_JL1 4____.JJt1 J* Sj__L-_«)) Oj— «- J 2 er^J 

<>» j_<_t j_> U <_Ji au ,„s« _jUU 5JU <>! j__1 oi U__* Jl_j ,1897 

: Jl_j __ _ juu \ jJt <-_ l__-j . (#) «U j_- <-Ji Ja_- cj->lj-i-l j-> 

4j! 3 j___u__aj ^ajujjS jl_ <jt- j^*-* <jV»j <_kj-> ^ cr^ 4 » 

.t**\ ( ^_t_U-i _ jjuw u <___*! jj— — » 


r Lc ^l l___VI ^ 1897 r UJ1 j__^_u 1 ju_ J_? ^jJI c^-J-. 
.^Lc juu _jjl_- ^ji^ii c-ai >m"<vi j_jj .ojLH-^y 1 «<__u_^_ri» 

SLjjj^-Jl 4.1-r M.J1 t>-U_ ^ jj____jj ^-^u U-U_ -1899 ^UJI 
4^j_____a 4__jiiJ ^U _jI jJ__ (_-i_. Cc.U" ».t 4_J_J Uii-La^ U_ipt_» 
^U- jt j . 4-uj^ Cj^U--^ ^ 1 J-k____-1 JjjJ- l^-__*_j ^L-uj-^ 

^^mJ^i^JHj^^^^liA^I Iaa <___J_ e 

jjtj> ^ WU J£T ^j^ ^j-tSJI 4_-_-t c-Jjj ^l c-U^-^JI 

. Bragg and Porter ^ #>— »Um j^J» J_-t (*) 

.Recollections and ReAection «oiLaljj oLj^j» -Oi^i 3 -Lr»- *tr^ (**) 
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((1*1-11 tU-ll 

1 jj-^ S jjJI ^ U_tj t <j<3-jjju^J1 Sjj 4J__' <j a <__Jf 

---I *."<VI Iju U^j j;j_U SjU__» . ( H4_t_-_>_M SjjJI _>-. c-JL_____lj 

t_£jJ1 ^ jj^Uj . ^LuijMJ 4Jj_3 j_u_ |jUJ_*_ C- c-J SjjJI (jU >_-ji~ 

$4jL___Jl jJL^j ^yJaJl 
J „"» 18 (___■ j "< ■ ■ iVt L« <-JjJ. t JjJk ^Lj — ■__ (___• _jJj-« (jj ^jj 

^i>*-* --&Jj <uj^ ' rt j jj^ ^—"1 J*»-j • 1856 j-UII 

t 1 ? UjJ_.j ^ — O" 4 cr!j-M ^J^^W £j— LJI J^a 
i^J^ >W Cr- 5 .«.t^t l 4__i j- ^ £j__ £• j_**J1 (j-* Sj ___ 4ju»1 jj| 

^jj <Sj_LJ1 SUjjlSJI ____J1 ^L *U (jSJj .(y,,„ ,._.U 4j_«UJ - M..t i) 

L$j_a jU.^ I 4_JU 4ajL» — 4 Sj — l_V| dLUc, __!) U 4 <j_«U JUu 

^W-HH^ Cr- Cr^L)- J>" 4-"tj- _Ji Jj^. (j^i 1 <?.'. ' " ' J J 
J-lilj.i ,*; .. .IjjJ^ j ,„1j_ 4j*_L« ^ylc 4jj,.^ 1jJ__ --U-aLjJI j 
(IL_l_J| Sj^JJ 4_j — _J j_ 4jtla ____ ^Lu) _JL_j, j t ~. jjj-T (__lljj_ __tj 

cj-S-jj < 1880 ^UJI ___ oU<^»LjJI ^ 1,1^1 ___ ^jJbjj 1 1876 ^LJI <___■ 

.4_tU*J1 4jLsw 4_j_u ((jj" '•"■LjJ-j 4ju«UJ S jJJ-a^ CjIjL) *L_£__jL) l_IL__ 
_-__-*ji^j_i._> Jw^ 1880 f UJ1 j_U _U_J1 _y- (jj , , 1 ajj j. < C- _ulj 

^a^UJl __._;) 1884 r ui^^jLa^j^^j^^ ^j^j 

J^J (j- — m,jA_» *L__JI Jj___ 4_SJj _,j __«jj ^LJj __JJ 4 _>-U 

j*J__ JjT ^JJ-dt (jT JUU Jl n'i , „1 UjL-C « 1919 ^UJI (___>. |j__ ^;-^^ 
4_--lj (jt c*^i ' JtA 4 j irt >4 JLj t£ _pjujj 4jtjaU. (jjijjj ' ■ Ji__Aj 

4_ljU_i ,j_,) Jjjj Sj_Lw _,!_. J^j . 1940 (J..U ,„rT 30 ^ -UUI 
c> (j-jL- (>l J__j- U^ 1906 r UJI j& (_jLjj__JVI JU_* (> 

. 1908 r UJ1 

*lj)-t_U Ij l" ,, >! (jjC^ *oL_j/_»LjJI ^ — IU t (jj __ajj jU_-l (j| 

J__w 4jj__» jT U ^ U L_j JLs- j^jju (j_uJU__C J — **JL 1 — uujjjj 4_jjuj_*jJ1 
i rtM<C j (___"! LJjU_liI ^m__»j ^J— aj (__Lc SjJ_u i"j 4_| . nr 

jeJ-i ^ L* <jk>« • 1899 347 ^ «48 jl*- ii.-.LiJI 31*11» t0J ___x,jj ( # ) 

jjJU^I ^ljjj— tl (*JLc I Jjjj ^Lsj ■ n ajj CjUj*—». (j_v ciuJu>Ji 4SL___ (J-j «(jjpSJl» _.| 
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2 a ^U. 4jj_>_ Ji~) 4_*jjUtl ^JLc ^ 4_l_^L^I _i-L_>. ___- 
r l j____ _ L__j! :L--C»1 4j jJ j .(e/m 4__£Jt 4+___ _4 ujj^l 

f- OJJ--^ f^J MJ 1 -^-- 1 -^__j-J 3jj__1 

_>_. a^^ui e__~L_> 0 r.v j_*__ ob - U-« 5 j^j-U -__-_l_i 
_UL__L j_» _ 1 ,31*1} uy* j--» 3>=-' • -U>J< uW 5 

_ULai Jj_*o _>_ 4_JU IjJjL- «*}__*) oi Ju- J^- i 4__ ; __ <__1__~ -__* 
_>_. - - 2L__ 3 jJ_j <_tl 4^L>. <y- tj_j_o ^J U) L&ua ojU*j ^ 

j_-T .<->- u| Jj_- <jf Litj .( *..-« ■ m , « 4jj_>_ <__ ___-_J1 _____ 

^UI 4_jjJ_J1 ^j 4jjj_- ______ 4JVjJJ c^j-cjhP^ 1 Dj-^j^' 

J_^*ljj-u_i1 *UL_ J^l^^jjj^^JJ^l^J^ L^_;j+_--_.l 

_J__.j__._4 ji^"-- 1 £__*_ j___£ £_uibJI <jj__I1 ^^Lh^ Cr- 

jj| j_w __l_- I jJ_____ 4J (jjJ-iL-A l j.Ur (jJ-JI ^Ljj-uaJI fUi_, <j-a 4_j — ui 

U t ^___il L_ujjj t j_____*~j UL_~ Ug~ Ijjj <jj — __«jj ^ j_i J--J . Jjjj 

,0_-L*JJI *_U- J_" <-Ji (^jT 
(j_« ^jUI lju_ _jj___j j___-1 _^j___T J***- <jl <j — A c^J-' -^i 
jjji (jl_ ^L___)M J_ L__JI j _>-_! 4___t o_iL____l J_- <j~ _U_J1 

t _j_>L___}_ 2LU_Jt oLLlJ__J1 jU!u___1 <__ £j— _< VI j__ ________ 

_>_ jJL j__j jl* j . j__T <j--» t?— - ojj-- ' U_j_>-tt u-» uli (jt---- 

(jjJLju l_jL___L 3j__ L4___*j ^JLJI ____ <--J_J_l -_L_1 ,V , < -1 q\ 

4_U- er- O^J • ^--b j^W lS^U ^S-^JJJJ (^J-^ (>» 

.4i:j_UI u-jjUVI Lo.jJj_S_ u _U___JJ 'j— t — (jj--' 

ULc J1jjV 4jjjJ1 ^L-jj^-JI _.L Juu U*_ ,L_j__ t^jJI (U-J1 <j\<- 

/*-.^ jlt ^LJI ^Lat 3JuJl>. >Lu l_ U>.jJj__lI1 __*__ C_a_- iLu- Lj__- 

SU_ 3j__1jJI <_j_iL____l dur- ^jjJ-JI *j__ Ji-> e_aj .__L_i-___V1j 
3_iU_J1 _j__>JI c_j_? iSLpJt U^jj t d^^*»J <>» jL---' cr- «-jU->Jt 
^j^-JI d_cc__Vl __!_ U^J Sjjj_>J1 L r .jJj___11 c-Jl JjWJ Jaj—wJIj 
( j_C u J__jj r L^JjO^ Jlia .o- J 4jL___J1 5j__U UjJjj^I 
.(j^J 3_*__V <_iL___i1 _>-_>- <_jL__JI (jUjj ^jr- 
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jL^i < 1845 ^UJI (j^-jLa 27 ^jj U»UI ^ l_*-l1J ^ «j^jjj ^j 
4j_L*j *Ljj\i_J 1 jL_4 J*ju ^ ^^tLUI r U__ ^l ^jui_J1 jjjiJI 
cr^ Ja—I ctIc- jjLs <__<_ ju». ^JU <uL j\x«j . 1888 ^LaJI ^ £xwjjj 

Sj_t4_U 5_«_*j ^f lJj__j (jt (jj J (J- 4 (j^J 4j-iU (j—S-j SJuJlC. _VI ?e_4 

j-**J1 <j-a <JW*iJ1 (jijjjj Uluj « 1895 j_«_*_jjj (____ (j^Jj • 4j <U__L>. 

ujjjjS-J L. ,i <> ^ <a 1 <n fl i^l Loi 1 V"i r ii <i JjjLSJI 2U__iil l_J jJUi 2U_1jJ (_-L__ ' *^** 

Jfu (U>.jJ j'X"H jIjj j:U-ijiU ^jjjw ^HrJg-U _U_la-___iI1 c*jL_T) £>--Ll 

^jU« (_____, j_«__i l^t-j-^ <-— 'l_? uij 'U-^—^JJ^ <-r^Li!j (Ljajjjjjk l-u-jjUI 

JUcJ^^U IjuOjw ojLlJ c_UUa o^ 1 '1894 j*UJI ^j .(Sjls-Ij 2L___U_f 

4_u__j_~} ^jLIuo j — x£. (Jj i n" <jf (j^U-i JjjL__JI <_* — __4 <jf *jjju_- Uj_»_jf 

M-Jj lo_- __JI_u_»j ,jj WLJ1 ^tjj .<_ijJaj <_£? _j-_jj jjt jijj ^y» 2L____j__j 

jA 1 «,ll__ v to U nn^t l q\ ^JJ | j_L_j ( C.U.j_« Sjjj____JL «2_*___Vl» <jT <__i__ 
Cp^ Ujj^ 'j-- f*4-f u *J,'^ j) U j_j <_-__-. }UJj l_Jj__3 <j! JLJ V .<_,_ ^ 
t _l__£V| 1 j_ (jJUJjj -_jLjj .(CiljjJI J__Vl <_-_-_ U*3t_-. l_jUj__u_>- 
<Jj_« Jjjj (jULSJL 0 U» a £j___« ujj-uL J — <uu _jL__U ^LLjT <___ <jl£j 
<_--->. it-jjjj^l Ji-lj *j_Jl £_j jL*jjw1 _Jju _J.JLgj l_1 J .<JJJ-j Jj _.! 

j-*£. UjLij JU_ jjjISLII L_u_u__. <j__' U^ jjI _;f J _ r ..." 

jjjLCJI ^juli J^hmI Sju-uJLI JjjjJI ^jl^I ^j? l-sjjjUIj .ujjjj^I ^U.j 

Barium (*jjjUJI jujL «jJjj^Uj ijj^jua 2Ljijj 5 iLi *l '^' -A ^jb 

4ju1^I ^»1 jlLj-oI juc c^IujjjUJI Jla Llltu ^Ai ^jJI i Platinocy anide 
(*J (^111 9 — «iLAJI ojla (jijjjj Jjwu — uj\ tl895 ^UJI juxjijj 8 ^j .<u 

(jii 1j_l»j «LUiU. JoJ^JLc^^iU jL^JI l£Jj__jj ^^-ojjjo^ jjI L4J J <j 
^LjJI (jldausj jl S j-jjl^ — iliJbJ iZuj\£ ^Sj . jjjLCJI ^LlJl! Jjjj jL_ta>a 

'fU*J.1 JaaJLI ^-a ^jJULl L-tjjj^?! Jjjl—j jl_ gjj__J1 jLjjui ^U_j __ILj 

Jou tSjUJL>. Sj_L_ _i — __| <L? (jva JL-—1J SjJLa-j 3-SjSj LjjrtJ ^ ^ lj 

Wurzburg Physikalisch- «_L__'I ^ t_»j iljj (ji_jj ^ j_ _J j 
^UJI jjLj ^ Uj-_j < _jjj < ii,.u 28 ^ljj Medizinische Geselischaft 
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c^j*. ^pilj *■» AT ^l <&L_^I ^-Lc <j__ijj Jtfl«b • 1896 
ULoaI JaL___YI j_tj .^jj m>T f— SLjUA/L _jjl5__U ^JUJI 
jl__»J1 J±.b -L_JI ^JL- IU__Vl Sjal l«]_t o-oJ 3j^*-jU_<V Ij^u- 
Jjt ^ ^jj J— -jtj • c**---! ^J-- 3 JJ—- 3 ^ <£J— «M ( 

ljj__ a_^___4 ■ « t ^-c yt , 4__A_JI __a_Jl a^jjobj— 1896jjLu 
^j^! J>L_ ___*,, ^!l __fju>j ^jj^.! *Lu_T £*) <*^jj ty^l «it? 
<___ (jJ^jj J-? l^ e^J **-»-» L < V£ VI <>c jjjL2U1 j -^*lj 
^ <__ ^-Jl <_i«Lj jjJUIj^y I (j:l>- ^U^JI 5_^lj 

j->j) jjLu 23 j--_-Ui *_*- ^H^yi -_U^j-J1 Oj^J 

£j__*jll SJLp^jJI ^UJI 43 >___*_- <ji-ijj 4^ ct^I (J> f J-^ 

j___j -jjIj^ 14 <__ (lv4*U_) *_*_* L_ut __*JI _-j_--j .gjjJjjjj l-- 
_,1 jjt «jK <o^l — oy^ * 1896 _>-jU <__ <jJ_ijj 

, Jl.^j LuJ^ LU_^ JI- <jij i^JJ-sjAt (> 4-U_bU_-j_-l j___oJ1 

<__>. j^JI 4j jlLoIj i 1900 ,-UJI <_.__ jtiji* ^L* ^ *U*_J1 -U---t 
Jjt <dj-__- ^ .l^ttl <__0-J1 <uL__-_j 4J j_^j . 1923 j-^jlj^- 10 
. 1901 r UJI <__ *1_>-J _LjH 5>SU 



1895 __l_jJI ^L- Lfeia >Ay 'l^jl) ^ l>A by^> ~ 35 


q4»f _1f ._-_Jf 

(j__ j-£_£J1 4j1_uJI j_u oAh^ tj-Jl^ ^L^iJI *U_-_ <jj Jj_i!1 o-Sl*^ 

4_u__ Vl ___»__> . 4ji__-»Vl oLiJb 4_u_U I j£S jju (jjj *_>-_sj 4_* <M <-_Jjl__, 

I jJ) £j_UI c-jjj-S-J ^UjJI jIjl>JL> jjMSJI 3t ,M fjK,_a_ <£_>. 

LT 3 J — -_--JJ ( LgLwu _-_JI 4_sLL_J1 j.i__x~ q\ — JLlj (jiajil-C. j <__ 4_-j (jSu jtj 

J->jJ__J_. ^ <pj-JaJ1 J_U L^JiU J__ujj ,oL_-U_j_ t 1 ^ j<)-i- ^ jJ-___J,1 1 j_A 
<^j-3--J Vj <«4_^1j_-_jjj__J|» 4_uj____Jl 4jjjj___a_J| jljil ^ j-Jjjj ^yT,...* 
fJ **J---J1 c__}U. L _J__j * WXjj .4_uj_g_£J| jf 4j mmUL-UI -_jVU=JLI Jju_j 

m^o^ _-J__ Ls___»1 j <j_£j ^ejj . j — u_£jj j! 0 „< *. u U_4 Uj__bLLb ___i j_lu ^3 

4_* — __1 j_Uj fj |_u_ <jl Jl^ .CjUj — c_o- ^.1 CjU.j>_ C-j_> |_j I 4 CjIjJ __ 

_-*j j_£| jl _X__e. (j^. £— _-lj ( 3_J___t _,___ L^al JLs_j____1 /j_o 0 jut> ^j 

j-jT cy* U_lLc t_jjj__j I — ^ jJI ;_____) cjUjjUiII Jl T _ ^ . l_^L_______ri 

I Jurw <>jJusj V _£jj| j-*-M L4J ( h n<tl _>__> jjuJI jL___s*? 5 m nr 4_t_uL>. 

.CjljL-JI (jrU—l 4_J_U L-pl ; JL_U_S t-_uJ <___p- pLjj\_iiJ! ___)j t (UjjaJlsr".L_.« 

JSLi Vj ^ U «j^j ibu!.! (jT b____lj 1910 f LJ1 juu ______ ^jSJj 

4_v j>a JjK _ua j_____! <L_vj-4 J1j-_4 Col-J 4jMnloL_Juajj^4-^j^ JL-C-til (j_4 
(j-^-C*!» J*__!L ■^tj. ^y.wrtu .l Jjj<_. *jji_J| j-_-_-Mj Jj) <__jjJLI *jj__J1 
t Lj_u_Jl j j U\\ _}Luj U_l3 ^jSJj .4 — <_j}U -_fl1j__-[ jU_ij JU. j , ,,< nj 

JfL_-jj Luj__. U^-jT ja ^.u-ij 4_t___f __al tluSTL jL__o Cl _ i jLi. iSLjj jJI 

. IjLiJj j-^? ^ t 4juiVl ji.T gjj l__iL__j_C1 ^j Lj^Sj j-AU, 

<_^£ jij Jj>slu t^uay i -_->L_-jLri 

^j-LA 4_tL_3 ^J^- . a JI C-3jJI ^ grj^^tl (jL-UI J__-w1 ^eJU: L_JLl_. (jl_? jJ 

4u.1j^ 1 jlSIj ol^(1878 - 1788) JjjiC_u ^j_u jl>. . Jjj_Cu 
4j? c? _o- i1j-_-i_C L_.U-_(3__=_j 1( ^jj__J1^Lu__yi j_Alj!ij4-uLj_5_CJ1 juk1j___J1 

(_-_-ujj_iJ1 < rtV,t ,l __il 4j (j-dU- ^Ljj--U (^j-itji — __X^j 1838 ^L*JI (___> 

.(1891 - 1820) JjjiOj jl-Ij^ - ja) , ( ,<Tf ^l j . v .nKtl ^jjL-J 

J-«I>>JI L ^>L-_u fuA\j <t>4 <jjL 4_u? jl j_*u Jo-JI (jljJa-^ -_JL_JI (jjV1 

£_->j-u cjIjjL ^j - Phosphorescent Solids ^jj____j_-JI u ^j^jt1 <__>1j 
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U£T) jjj^I 4_* < 1878 r __1 ^ o\ jJ_l cL. Ljj_j , r ^U2JI <__ 

JjjSLu ^j-— 4Jj1 _lju_J L^i—I J . !____! J$ (*->_ ^>J—^ O- 

J__-j ( *Lj_u_L f U_>VL 4jju1_JI 2>_-M (1908 - 1852) 
ju^ol sLaj juuj . 1888 r L_1 ^L ^ r j_!l 4jJ_ 6- *ljj~-! ^ 
^-jJI ,-1- .«Jw-dt *L>j-- 1____1 l£j-- -^u_4 1891 r _JI J& 
3j}_ tU uu,lj ^ tl^l j i£>L--t 5 jL! lS- L,jJ> L_jf J_u 0-" ^ 
,(1953 - 1878) ^Jb* "jj^ <— 'tij-^ *^J j^j.<u__u<>i 
ji_ _-_.lL ^Lj^aJt <_-_j-; J-_* <_j j- !--_-! J~- cS" 1 
j_._u jl juu VI < JjjSL? ajjLc jrjl^ (>. &j-~! r lj-l 1 10 J^_ _L_| 

£jjb . J£ _jl_j , 4_Jej l—iujj <-<T''J <*Jj 1948 ^LJI Js> C£-^- 

r jj r jl*_ 2U__ j_J! 2Ufljj^V! ^L-U Ja JjjSLj Lp-~ ^jl— <jl S J-^' 
4jl_I <>_ Bjj-JJ *LuVl Jj_>L_ _^L_ ^j < 1896 f LJ1 jjLj 20 
^UjJ! j! jl>J1 _._: 4j__L_. 4j_u <j_ L-__j L$j| _-L___-C1 _U i Uj 
.^.j 4Ja*3j ^LjJL jjj_J1 4jl_lI r JJ__J _j>- ojj_J1 4____l v ^ 

<___! L__j| £_j-J (^jJt ^j-Luij-JI r _-u_w^t jt _JL>JI I JLA 4__0 (_-_ jLlj 
<>-j__1 l_L-> jL_-V jj_1 Jul 4_*-1j ^\ 4___l L^£_jUjj 4_v_J1 
, rt~-.tl Ct ^I jJ <__-! 4jjj__ j j_1 jljJll (> 4__*_<> LtjM Uj-Vi 

.0j_>. j»Ll jJLa 

3jjj__ <_~ 4^j_L_j-JI jIjJLI * j*! Sjj^JL! 4U__U_I 4_*___11 <jl j^jj 

jju ^jjjj .^JbjJJJ LgjjJaJ Ui*^ cr^ (J^^ 1 ^J^ U^J*» 
LilJi Juu 2-AjJJ ila*J 42LLJL (^Jj ( 4j3jjjw j_i£. cjL^V <C> ^AJI 

^LSI JjjiLij jl^j.^^mIJI ^j^J L^ji^1^j^^5jj^^>^!(> 

(^ljJijJ^^JJ^ JJJJ^J CjUjJ lJJ (^! 4j_^l gjj^jji ^ 4i*J 

£__jj i*y±l\ A fih V d*J_-J P ljj—u>J 4 -C-U . .1 4_)_1jj _Lsi__ (> 

Ci_*_ Jti\ 4 J jjii_j_1 J-jUVl (>» jJo _*J ^C-il tljjJL L_3j_l1 ^jiJI 
^ljj^l ^ji-l (jl JU-ju 4j| <_-*Jul-j .(j___J1 *JJ_I U^»>- L9-^J— U-— ■ 

j-jU^I « j_ 0—-AJ ol j^-j ^J U*-— J >« 4_j^1j_jjj_1 

LuJuw 1- ^ L__j lijj - 4jjjA ...j— I 3jiL_ r _ jl_| (j_ Ctrt mi< 
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<t_*t*Jt .hMII 

oJJk (jU *4_aj__lU £-1 jjVl j 4jjj_a uijddil ^-^LoS/l _jru 4jJL_j 4L>x. JL» 

p i<i-*tU jLIoj (jc lJj _____ « lfl(rMQ-i"» (j_a_«l_»Jb L^L>JLua J-*-> £-1 j lVl 

(ji m M i t i *J_--> JrH L_J ULij (jj-C- (jl (J^J — *U .^JuJLl 

.(^-UjJI ^l a Jll L$-Lp- (_-£ £J_-_J1 0 JIA J-ujij *£>L-Vl ^ 
4jJ__S £-*_aj 'L^J-»-! 4jj_>iJ Jjj-SLu J — cl 1896 j_>1j_t_5 £j» (j_S_jj 
4_Sj__JJ,I 4_l31j_cjjj__J1 ^1j_jVl (jru lm1</> 4m6 j_-)__.^M (j-jU-JJI <j « 

(__JI jJa-ulj (^j-uljj-JI l_*_>j_x) 4jjji — _.j__ll ^^LaS/1 Jj-J^J 
Jl9j i(ju/jLa Jj! (___Sj i5j — Jj_C L»Lt ^jjjUL S_uJU (J-jJjL _JJ_» .jm»,,,, jutl 
£___-Ij j-i_-) JL- (^k. £j_JI u ^ fl Vn Jjj^JJ t jUajjVI JjJ* 4___ j! 
f--Cj .(4___jL-_. 4jj^>o *1j->.J l_SJ_-$j IjuaLc IjljJs ^\ Sjjj tillj (jl_T Ijj I — a 

I JLA iJ7 't*.A .(^jjjjjJI i ,jLr>H ^LJI j-LV1 Jl»-j jl 4_*j1____ 4j __>_> t__j_ 

(j^» _J j£( ^tjJI __lcj <4j___j_U 4jjj__*j_I ^}La _M ^jSLj ^J <jjj (_,!_>• 4jI 

<__LfCj_-» jj^jaJU^ J_&1 __!_- iL^jp. f( j**--Ul gjjjajtj^ ,^^4^1 
Sjlii ^sll l_JUJI <jSJj • ( * ) ,j-----'i 3» M 4j! jjlu U e-~_? ^j^b^ 1 
L» j__ <_«___ L^ic jjjj £*>LaVl (jl ja — >1 .Vi<V1 I jla (__J1 2L ^ulIL 

^_T ^j-a JL>-lj -_a 1 i^al r, a | jj_. I Juj * ( _ y _»*jL>. j-U — Jjl_l> t_---u-J i LljIj 

.4j_L__JI *L_j (jjjLe jj.j VI ^Lj-bdJI _j_j1jja 
4ju.il ___.Li__l 4_i__>. ^jJI ^LJI ^^1 j-pt_JI __aL__,__CVI 1^^^ 
jJ£ ^Jl 3. ,„i1Lj Jj) cj_^oJ--I1 ^lj-i-ll 5 j_ib ^jLk I jlj 4jV _dJ j 

Jj^-Cjj 4_>o1 Ls (jLcj _uj .(j-u->l 4j__lV t_£j->-f 4 4j < 4_j _.! (jtLJj-ll (jjj 

(j-_»1j_v. (jc -_iL_-ljjJ1 jj-aJLjj ^La 4_j? (j-A j«A>J1 .y-- 1 - *J->-^ J-*- 1 (jjJj 4 i (i <i j 

(j! ^ ^LuiV1 1 jla (jt 1899 f UJ1 ^ ^jtj t 4_L_^l ^oJI ^Ll____<V1 

4jf Jj Vj (jJi_Ti 4jl_!u| (JjijJ 4j| (_-Jju Lu t^-u-JaLljUl JL*J.| Jjl_u Lj3j-st_b 

4j (j^l^ 1 Sj-_>U__LI (_jL (^rtlti (__-%-tJI (j-VJJ .4-J_% ni a c_J-4-L___%. (j-0 L__J JjU 

5 J-*^ J-J^ ^*^" '"^ ^ u'-^0 O"!)^ Cr* LfjJ^ J^JJ ljJjLjj 
L_j_i j__-1 Jjj_____j 4___ L_j J_a__i__ ^jJI) J>jj-Sj jlj -_j -ojjtj *(1903 ^LlII 

. ( J_xJJl__»__' J-4JLJ» (___» Vjl f$\tiC IJLtJ i^^Jj 

i lj_lL>«j] (jj mjajj (jj^jinljni L^Jj-u 4____t C-djJI ___j 4_t_Jlj 4-_uu i_fll unC^I |j__ _^__- (#) 

. Vjf ial____l j__i- jj* Jj^£_u _jSJj 
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____JL 4_4_JI <jL_jf (__2. £jJLi J__uj_U j__ _»Ji*~' lSj-* "1 ^J-*- 1 j 

£^J£3 <"X( n ___J1 <_-Aj) <_----« iiyi J->LVJ1 JL*_« (___ j_£jJLI 

4_p»Lj (j_a ^t"j£ ^ *-» <4 njrt^ll __a 1 n_ 4 (jLS» L__4jjj (jl Lu^>- I j—A 

,<IaJL oLjLaJLI CjLlrtlt 3j_V_ij L>. jj___ __U jj l_i>jJL_J t3?jwo| L^jI __Jj _£j->-l 
___J1 4^_u__JI l_.jjJ_J1 ___Jj L_JLj £->-jJJ . 1jU_*j LjL» 1 jM __Lfjj O-JjL-yt 
Luaut 1 j-_> j! j Jujj 5 ,^>Stl ^_Jj L___jLjjj 1j <^>jf l__Lu_4 I_4_4 i _£t_i <"il«ir 
(J_J3j-« 3j\jL>J1 L$3-la (__Jj l_)Jl___ ^.jJI Jjjj 3j\jI_v 4__»J __ii -j-jjtj 4 J <j_£ 

. 191 1 f L*JI ,Uj_J1 ^j « 1903 <-LJ1 ,Lj_t_JI ^ - 4 in h\ J-wJI 

(jlSj t 1867 ^LtJI JU_4_J_ (j_4 £jl «Jl j-JJ J Uijlj ___ (_SjJ_» usj-* «-Jjjj 

4jlaL>JL (3_3__JV1 _UT LajjIjj ^Jj il_C ___*j_ijJ___. (j;jL- __L__./1 l w <x»l 

L___oL__j *4 o i nfiU 1 JlJjj (jja L uijj Uj-> <_J1 Jl__j C__L_T (___J I 4_____JL1 __£t 

__£• 4_vv1jJlU (jjiJjL __Jj JL__JjAJ ^j^UI JUI »^_.4->-> Jjj-ui (j-3 3j-u_» 4__J_4 
jLjT £j_*_I1 Jj_ 4jJL__ J1j_Ji_r ^j C-L-j . 1891 j-L*J1 ojjjj ,„H 
(jjJjj-uJt <__- d___J1j . Jj-Lc __J_lt ___ 4_Jj_C. ___ _j K miIIj SjuJLuJI 4_»L_J1 

jjLo 15 _«_ jjJjJL1j«.< ut-J1 <j— j1 .(1895 f-L*Jl <_._ L».jjjj) (_5jj_>>__uj 

. 4_t__u_aL_jUl jljJLl _>__I j_- ___} _gj*i mU J-i-j 1j_u-*> 1_-4-_— 4 _j_-J < 1859 
JLa__V £j-_-J _jl L_J _>__UJ («J 1 JwjJj '^ljj-l JL«J _sJJ_> L_dxw>. La (j_Cj-__J 

juJL>.j . ^jjjIjjjJI 4ji lm\ L^jC j-lojjOJ (1897 ju___j _. __£i VI dljj _£> jJI 

_-___ Jj___oJ1 ^Jj (lua Slj_«l <j\ JaSo ^cJ j-_JjL_J1 I JLA __*>. 4j! j-__?jJL 

LoU! fl (jLaj_j IjJj (_U_L_C (jjj i Ljjjl l_iL___L>. (_j1 _— £• _>Ijjj_»jJ1 4_>.jJ 

jl2_. tSjulj ____! 4JLLc L_*jLl_cL . 3j_iiL_- ^jjLlll 1 jla juu L^jJL J____*_Luo 
___lJ ^Lui l_L^___j L_j Sjjts-y |_1 jal-uL L^J 1 j->_i_,i.-j t j — u__. -___>j_» __ul_C 

h .^ij^Lai P t.iv, ,j Uj1__ ijjj___-_(ji_; jj- l^ (jj__s_ 

._-_S_J( J_*jJI JJ-UU _4-4 i4j.i.--V SjLjj L___tJ-WJ L- <-!■_— J (j? 4-t. -*_■-- 

«•*iiiiVi<l jl - 1898 jjIjuJ- ___ L^J ^jlSr L_fl ___!__> I Jjl _^jLj (".rtrt-y 

4_u _jrtlv; ,«< (_jjJ1 ^.Li-Jl jj_j) Pitchblende jl_L--____J1 0^----* 
5jj^___JL 4jf ___i_u Loj < j-j-uljj-J1 (j-a ju_ri (_^Li__j _LL_ -j 4J (^-j-u 1 jj_J 1 
Ij-tL* L_^L___T_'I Ijuj . JLc ___-L_J-j Jol __» 4J j_-T j_i__U__ (_-ic. .Sjlsej 
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4oi ^jji ^jjj^ l:u. ^ 6 t ^ ^uu 

_.jj*ll j^. j__J1 |_* Jj^J J^juJLI j^JI ^ 
<L_ UUol LukJ^l ^j^c- J-— ^JL. U ,V^| jlj^ juuj . _J j 

eJi j,t_i ^L^ 4^U| 4^Ij_, 4^j) Polonium «?^jJUf^\ 
(^) <^_l UiLlj .(^j 4J ^ ^ ^ ^ 
eri— 3 Uaic 1902 ^jU J^Ji j^l_.Ij .Radium « r „.>1 jj|» 
i i 0-»f <> (*^1>I1 <> ^ 

* (£>J-' Jj^JI t>>-~ «GK* ^ 4_o jj LuL*^ — U jAj 

j*j - ^LUI Im^^L^ „1jj_jJ| ^ ^ ^L-a aWj 

j£Ub jj_vj . «^Jj^l Jjji Sj_5U- ^ 4u5 aU> ^ jj| d ...y t ^UJI 
Oi <^ - ^jljJI ,>_, 421UJ JajJLI ^UJi ^ jJI jA j^ u f 

o-« ju^vtj *m ^fij f iji, c^^a ^ ^ js\&m r \j±js 

_L_Ji (j^J 4,1^ V <jf \j*3 <ys 0 UiJ| ju^jj 

H> JL>-~X* Ut^-culJI f j4j|jJI ^ j_|j f |ji: 3j04 

Ujaj,.^ vj,Uxi ^f-4ij_ji ^ayiil^crii^Ul^o 
_.L_£I 4^1 jjJL, _L_Si a Kj . *Lb 0> iLa ^ ^Ub 

ol U c&j -4_Jj 3j^i J**J1 Jjj_ *_L_£VI ji^j ,4__ ^1jJt 
^UUi i^l, 4* Jjj IjUu j_t sL^ £ \ -,^ IJ U y\ ^ ^ jt 
cJj Ua_ ( >L_ j_*u ^jf 1906 J^t 19 ^j 

<a**_>. .-.a-, ,,,'i lj ^L j^jAj^^jS 

4^uS ___ 4jjJi u t ^jil oh^iS >U> Uj^u 4_l3U 

o-iUj . cjULuiyi ^j^ p jJl 4^^-J U ^,, jl jj 4jji» 41,L^1 
d±j* 4aill L^alj Ujlul 1 1934 ^u^^ljJI^ ^jL^ 

ojUj ^jaU, - ojt ^ cjI jUJI ^jL^j Js> (^jJI jLUj^u) L^jill 
^ UU^- U3Ij^jl. J1 j3Vj .oULuiV) 2u*^ U^t 

l^Joi^ ujJji-II j^l ^ UcL_^i LUlAi J^li) 
>fij3 ^ oL_^Ll4 V] J_3 Vj jJL 3:U.. ^|j^ 

.4^>L_Jlj ^l J_J ^l 4jjjj_J| _LU_JI J^ 
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JUJL>_i L__ulj J__J i^jjJl ^Lt — __V1 J (j__£J 4j — <i! CjL_I iSu£| J!Ujj 

. 4ic _t_s_jj|j 4 a (j^JtJJ 3j jJI (jj.1 (*JLc Jj»*j <---l — <iH^I - Sj jJI jj j 
J-^ J-^T <jL___jJ (>«>^f ._-— - _£jJ1 Qf>lr.i t u\\ JJJ^jljj Cu__ijt jjIUjj 
^L___J1 (jjo Lcjj 4j — <_u Uo£ CiUI — ____'VI ^jU- £-__-JJ iSj^ i>3* JL«JI 
(_»--Jj ^»"<CT-fl JLiJI jj» (jh« _jj_Sj jljj .3j jJI 4_tiJ Jj| _£<_>. J K-i .-tJjuHj 
.1871 j-L*JI (jntimM 30 ^jj _jJj_-J it_u}Lijja_J 4jjjJL>JI 3jjj_*JI <__* 

_dl j___j * 1840 jjU IJUajjj Uj c-JU© <__iJ1 I ju^ljjjjj ___i (jSj ^<uJ 

_^--ij5jJ1 1 nlUjjj <-j3JL A (jLSj i4oijjJI 4-lUJJ oUaj_jJ,I JJ_- (_gj m 
l_£jJ1j (jl ___jjuj . __*_!_. L4J 3j t\ t" 1 n <a *L_j ___i U_jj__ 3' ' <jl J-* cdJ j (jn« 

U^jjJIj 3 jtt irtj (jUAL (jVljjV Uaj IjjMjjjjj ^-Ij U* I j__j _jj___j j|j 

i-JLu. (jjJjOJJ uujJJ 4>»J4 Jjt (j_J---> (4jj_lL>o! j» -Mj _£J_iliJ_C ui| *-lVl) 

j J\ (jjj-Cj (__!} .SjljIjJI cjU-OaJLI 3_.Lc <___. US" ( 3ji_IjJI j __Vl Jj-*_j 

Jlj-_vf 4_Uj! ^Q_$J jjj t L_U_L_- j___C (____! (j_J jjj ljL3-lj .»jf <j__J .3jJJ_» 

4 , ,m ?<: jjj. __»_*! 4_p-Lj (j__ CjUc ^Mjj ^Udl 4jMjj ^_Vl 4_p_L_ (j_- 

3j_1_t (_--_ j-J-JI <— 3j-«J _Oj<-J_, ^J-A (j-CJj i(jj__Jo_ 3jL_J 4_Jj__ L—ijji- jjjj-ui 

44l tn-i __1J 3j___ Vl Cflrt"<jl . JjJLs-JI (___. CjIjjJu <__j __u l_U jj 'JJJJ C<jIj-j 

4,1.» «U>JI Ci..-ujj! ^-Lj UjL-C <__U jj * Jj^ ___Tj_3 (j__v iCjljLa jJL_^ ^ - ■ ^ ' Jlaoj 

- t>J^__ (j_4 L_______Jlj 

j| .4Z_tj__U (__£» ljf<W-~ I ji_ujj (jSo jjj *3jiL__CJIj 3jJ__JL Jjj_3jj|j j — x*J 
(____! 4". ,.,«lj^ Jl^Iscjj Jlajj <UjIj c__«j Uj — l-o. J-w-JI jJAj 4jf |jb 

(j-a (j_,jjj|jJ___JI 4_wjj ___£. dUjj J_-__5-j .^uIajJI (___> 4jJ-*JI 4j_wjJI (_3I J _-uj 

(jj_L_JI (jj* JS* (_Lc (______ljjJI jj-UI Jo" i»lj) 1892 ^-UJI (___ (JjjjjjLC 4_J£ 

Jj_->! C_a-J _____ Cj JU_-tl (_-_!! j ri.ii-KUH 4_».j_» ____ J-u__- ^J i(^ji*Jlj t-ib^lj 
(jru ^jji Ijls-|j 4_LuJ| ___) jlSj) 1893 f-L*JI ___» 3 ntnULuUtj <tLjjg_JI ___) 

4_j_>u uj ?JU 3jj_UI oJJb __i)j . (1 jU^Lijjjj _, ^ (Jo-ti) Lstjji- j___if_c 4jujf 

(j-i£jJuiJ 4__jJ_>j (__ic Jjju__-Jl 4-iic Jjjcj — uilt j-a jl_C I j__» £_o 4__Jj 1 U«J_l_Cf 

JU-lj . I ju>Ujjjj __i) «LmjLlJI 4j__j_- -L-llI--I (__ic i_jj_a jl_j (Jj 6 -*! -jLlo-I) 
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4g-kt.it _l___Jt 


t^i o& < -*_-^b-> **** lM *b* Wjl>j^ <3L-_j jj Uu-l jX 4__i. 

^UJI <_ia X T , M « ULL jj_o (jt Jjj_vJI I ju_ JL. Jj»_ a _ylt yiu* > .i ai : 
ta _jjjjJL_JI 4>.jjJ ____L> (__-_ljj jj^ j^_-_ 1894 f_JI <__> <u_J juS _JJ jj 

iu_»j____ (j_jjJ *L___L 4j1ju Jjju j__ Uiu <-Jjs_JI ljuj_a ^j^lj 

■UA^b u— ■«-»• u~» u^J -(<^Lc j-« 4_L_d_ 3_JU 3j__l __» L^>jj) 

*1894 j-LJl j^j.^ LiAJjua> Urt , „ Jl jj__ c^lj*? 4jjjQ L___jJLq j| 

• ^thM*^' ^Lo-b a^"^ u^ -^jj^j^b £-t----t j 
<>• '*j> jjj_aj jlj L&JI ___*___. <__J| 3. .«I jjJI 4____;l _____ 

«_-j-ij ful__j| ^jjUL JL_u».V1 4JL 1851 ^UJI £j_->>- (^L--Jjj 
(Lj-__, Lu^H-^l 150 jA^IjjU^j)^^ 3j_t 3___*__U 
1 jJ>Ljjjjj LJI j-___-tj I JL_£j lj-_JJ jjfj LuLUjjj (jj_-__3,LJ| UH 
<_# (^J *.-*_] l-jJ-** u-> u* '(^UJI (__• j_C* ^t <-is 4_JjjJJ 
I ju>L)jj__ JL___ Sj__I j __*__, _____ ____L_j .^Lc JS" jlL JsSJ 4_wtu -b__ai 

^jljJiJI Uj \t A j ^lj^^j^^jil^jLjl l^J ^jl_uj . 1895 ^LjJI ^ 

4__jj___« L^J_) _^j_uj £__jJJ L^JLOJ <__J1 a_-jj___M _>_l_-__l ____ ;jJ_J 

t>° lhLl*^ ____l jaj <(> _jjjJ_;l» (jjwm^ __j| spuji c*jj__ij . u w,ji 

3j__ j_u jrjjJ j_>j j-M-jl 4_L__j Jj-A, jL_ (jjjjKLa jSJj . juM£j? 

.<j_-j_JI Jjj_i gjUm i j jJ <j? jj-9 ^ — _u__J| ____j <;Lk LLj-^J . |j_>. 4jJj-9 

1895 j-LJI -Ji-jj-i. ^is Jsull j tSpUJI _ jj_j_1 j u Sti I j_L_j 

jj - tt-s-L <_JU_ <l_L__j ^JUj_^ 4ji>jL>. Ji,jj (j__i_____ JjL_ (jJ-jJL-aL? 
J-4J_fcll tjJ» ^ lj_-__- ^jil -e_u-_u (__J (JjLJI <___ 5jLp.jJ1 J J: -..T | ciulS^ 

. Ij-_L_3 4_ujJ_. jJ-L ^ 4___uoUJL LjLc LJLL Ijuj jt ___, J Air* ,.. V| 

0>-L- J^J «U-^i 4**- - j^JJ ^L___il (j_. J___3 (jJj^i Jjii I JLA J_J_- 

c_-- v--*LUI J_wjj| jjj_jj_Ij _,_? jlSJ .ojjjSJ^U e/m jj-^jj (jjiL-i j^ 
oL___JI d j__j i J*__u _,__ «_jL__ jAj ( _____L_JLI c___jJI - ■ U LSJLI 

.j*J_JI (_-_» jUaj^l C*_Uj 2jjj__u L__vL AIa Jj_>o _j3j__ ^-.j^jst^ 

(^*l cf--< '«(JL-I Jj- (-9 ^L__JI _jl__*ia ,»x__JI o-.j-JU ^ :GreatExhibiton (») 
iLo,--. a_UI ^jj .cijJl j_w_l *L__jj «u__ j_j . joit ciJjL jjLJI ,> ^jjjl j 

.(Bjj-JLI) (1882 - 1808) Jj-^jj- t j__uij 
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4t K.jtnimi ^l jj^JI 1 JU^^jjjJJ J^jJll Jjji) ilj **J 

Juu) objjjJt 4_JLc 4j£.Liui| CjU-jj» 4 ir>-r'^ Jaju — im\ JJij i J-tj_*D 

«jjfe_t iLuutj .(Sjr It mVI oLfcjxil jjjJJ* ufll mi*(^I L1i1j___i Ouui 

J_l jf (yk Ijl^Ij j-*1«jj - oUjJtl ojj- < rt«a<U La _____« ((jUjtJI Ijla^j» 

igJjj+AjS^ <Su-a2u Jlj-JLl (_-lc, 4jl JuJI ^ 4_CteJ j-almlj . J l j Bl l d VI 5 J^>.\ 

oL_l <__« JJu* ___<_) 4 t n, jU _£J_tl JLuu JLSjjI t-JjUo C_u_- 

Ljj__j 4_J& (Jj_*J q\£ t£jl\ Oj3 jJI __ia -dJj -_■ Ji>. j ( ( b.Ur ijj-U» <__JI J~_u 
(jl O^' Jj^""'iU <>• JLyuj - LJLLaj] -__£> 4_jUo cjjUo ^jSjU j-JJji. 
^ljll < <>» ^jJI _-__; <_£J--Jtl \jJt Vjt j>o! ^jJI JJ- (>a Jj— 1> 

" 4 ^;>l IJL4J 4j«MI __uIjj>JL lj/t,« JjjjHjjlj _jt£ Ujojj . JJLuaJI I JJb 

(j_- i^JjjJI (jjJ <>• ^lj>fAJ* JL*J» L3> J>±-U £-SfcJ1 Jj-*J U <jLcj»_vJ 

^ij <c ,<i <„>ui Ljsijjd^ a^Uiii oLisuyi ^jjo^ijj jj^jU 



t~j -»■>-->■ _jt i nj^ <Ui> jj Jjj-tj jlj * Juu (^jU — 36 
'*•■■»■ ' _y« jji-U ft-u<jJI -4.L2j 3ljj cJjJ) Ujjjja JL-i <-£j-*J_ Lilt 

. 1937 «*jjjj>ji ^L^pJU ^jjAPb 
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4-41*11 <L-Ml! 


LLcj LLuj L^l 3jLuii JiUJ^I 

«^jkj ^y^J *4___M 3 — wtjj ^-k. U-TLc _v>ji_j_ilj (jt£ * 1896 j^j JjL*j 

<_-DI iSj^JcaJI <^<^- i t£ljjafoil l.g^Ur <j-v-_»j .(jj-uuajj .(_-J>» .<_;->■ » «lj ,*;,1 

<>J_*L-*-4jui*V1 0^^^^ (j^l ^^j3*oljL^l^l<Uui! L#(jjjj 
JLSL-U <j_« JSLu,j UjUj^ JjJ_, ,^f) LLL£u j^Vl c jj__J1 JLSLil 

tjrtjv daSjkj) Jjj-u-SU oVjbui <__*-] 1 <Lj — ui^LImjj^SJI <__»_>. jJll 

<-_tL>.jJLl 3 — <-ulj-s _>jjj_j jlj JJ4>- LLaJj Jl>u *1jjJ1 ^-JJ <>j_-_j w **>!*' 
4jl-$j jjLauu L-dS- oLcL-ui*^! Jjld jLULj j-3v*cisj U "*L».-.i-a LlJLajj^SJ I 
^bu^yict^J^j J-Sjl U(j-Cj-ui.(^j_U< hjUII^ Jjl>yi<L>.jXl JjL 
^LuSij dU-uij) U-diJ->4 i<jyj1 (j-4 <___]£* 4jI 4j ^jtUjj « JjjSLu 4__---"-*>1 ^ jJI 
Qji £j\ j~mCu,t,a 4jl-__u jl JjjJ 4»U<n 4_aL-yJ (jSUjj (_£JlU j-fu_-9 jjfcj (LaJl 

jL_u 3j*9 «Uj j_uSLi tjjun JjJ_>f j_4>j (_Lu *>L — ujI dU__*4ij) ^yj-jJlj kJj^JI 

JJLSCJ J\ £\U~ u.l < 1900 j-LJI 1 Ju-S <____ JaJU Jjjijilj (J-S U-Luj . jjS»! 

5Lul! o^t (j^j • ^ULc. 4ju-J.! «U n, 3t ,t,Vl (> Lk*j 

I fl < n *i m (_-jJ1 ^j-ii^l *>jj J*La dJL>.lj L$i_> CjUj u->Jt (j_<5 oljLu <__-<. LaJt 

otjLu LLu *L — <il (jlj (1908 ^LJI ^ Jjjj&jilj *J-?t U jaj) (jujj-2-Jj 

<jSJ J J>j!ilSJI 4juM Jla (2_? j_>J| 4_wj__ui 4_HJ-J1 4jJLc oLjjjSJJ <>« 

^...jUlliUjj-gSJI ^LuiV1 >* J_xju JSLj/^j LL. 4juil ^ L-oL-iu J£\ 

.(j-i-Cj 4juil (jja (_r**" J ""^t 5_t>. j/J JjloT olj 
JJJU (__»JJL>J U*1 ujL_u| J_C — iu l-U-T ^_JJ _*jj_3jj1j JL-Ltit pl >. 

(j? ^-Sjjijj . jj — >JI (j^-_>.LJI UJL *Ll_jL>J1 j cl j-UI ^ >.L__a 

(j^TlLuJ Ucj 4_s__Uj 1851 ^LJI (_--9 1-g.jJLc, J-'-=_>- (^UI 4_t — uiljjJI 4__5B-L« 
JjL-tse-i — uiV1 (j_£ j___-U1 (j-a-iu 4j! ^-Ic (j___u ^JlJj-l^-i^ JLct j«j (jSJj iJ____3 

CjIjJ — ui ^Jjt »1 ir->ii*il Juu 4JUjJJ <<lUt ^-J — eul\ Oa2_) (jSL«j tSjl J >J| j 

^LLaLi 4_j£> ^_< — cuJ (jl£> (_<; jJI C-SjJI (j-c 4 — uiSLi JiUj U jAj <4ju»L>J1 ^ 

Jj-fi_--. JjJ-Sjjlj (j! (j-O J*CjJI tj-i^J * ^J«*-f*JLl 4jUsL>Jl <--l>Ut=J ^JJj-L«M-T 

1 j Ui^ a (jlf? 4jLs i4uiL_-J 2L* — _J i/j-^-t 4_i — u,lj-4 4jt_U ^.Jc JjlcJL 

^L*JI t_-*J 4*SjJ jJLu» — i_iJ jJjJuJI (j£Jj i^J^-y-j? (^jj Lujj L-]7 4ji ut JuJjm j*j ($) 

. I jl-J^I j jjijjlj ^JsLu, _,T jul, . 1899 
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.((__J__n f L-_l<>4jUjJI JL__clj_iOj-jju j__j) 1898 j.LJI<> J__j_-jJI 

Jj-os-j < JLijjjjji (__<_ Jjj__U 4jlaI_>. <___> — _*j_i j_i___ <jf -t__>J1 <j u_>Jj 

Cr^J *(j^ij-__-Jlj 4juL__JI ___» jj_j < nnU I J-L_-J .4__jJ_>jJ1 _____ JjJ-»j_1j 
*Gli9 ^JL-jj-i^^^j^I 4___».jjJ1 (jj» Lb-J (Jj_v| 4_i| _ya ^ rjJI 
Jjjuajtil 1-jj-ji». U_> j___ i_Jl j_-_j (j__> ^«J <___J1 ^IjjjSjJI 4->-jJ (____. Jj_--*j 

^_j__u _*Ljj jjjii -_- JL^_jj>3 <___» J_y_j . ^*^-JL_JI <_£ (^«j--?! J*_- <_-l_- 
t-i 4j! jjj^j-Ij ______?( J____ U^Aj <(1956 - 1877) jJjJLI ^jjJ^yi 

J}b-_VLj o^l ^jjjUI) Jj^jj IjnAttl e^JI 3_vAVl _j_J-ty SLU* »L__? 
.< j_-__c _>« 2j_ __Jj 5jj Jj_t-i (Radioactive decay ______ <i¥1 

3j_t Sljj Jjl_j I JjJLso) U Sjj Jjl_u ct__i_J ___*. -Uj jl LaJl oLiu-_-v (j| 

_jj _jjj 2jj dU_ <j__ < U (jj__ <(<___-jJI jjil jJI }U__ lirtji.i U Ijj < U 

1_>JL4 jJLu U jj_l J_w ___» Luajt _£_tj — i_u - -JJJ&jilj (jjL*J ___Tj .____i_v<a 
Jj5__II Ijuk <jt 1j_>.j jj .^jjjIjJI Jla 4j__k- 3_U <j_a 5L_U_J1 (jjj <^__u V 
Sjj-j-jj, C-ljjJI jjs 4_i___.a 4_l_u_ clo^. i4_*____1j 3jLC____ CiljjJI <___. 

4_l__ j u,«" JI <<UJ U jj_ 1 _LAj . jryu» <j_oj <___. Jstli _j __ 4_U__ (^Js jAjuoT 

JLU . J>U__.>LI (jjj>---J1 o-O-^ 1 1£ t *Half life <<<_^j___JI j-*_JI» -rlU.^ot 

(jrUJ JxW-U _--» j-jJjljJI uij j-___j JjlU 4__j_ljJ| cj\ uiLlSJI jt (__Ui 

c_-L-__il £_« ui-^b j-c *--b- tr^i ^b-- 1 ' * I 4_i__ 1602 ___. 4j| 

ol j jJI <______j J>m t a-JLUI 4J___ 1602 Jl (__. «Gjj . L.JT gLi__> 

4 Vjf .(jlj-«! lj-_> (____->- .(__Jlj_JI (__JL_ 1j6_Aj ( (4_il__>Vl SLLulJI j_)j) 3jnnU 
V^J-> J-^ — ___ j-Lo bj-vjj» (j_Cj ^ej j-j_J1 (j-sjVl ___3 Jj3-jJLI |>j_JjljJI <j! 

(^-i-o^l ( jSjn^T I 4ju__jj (JjJ>-tj jt 9 — a.jJu £-U 4_if Ju "_/ I «jjjj (^yaj^l 

tLulj t(ljJ-C Jj-aVl j___JL1 ^jjjljjoJI j3A-*jl (j-4 t-Ui (j^?1 l_£jju (js-jj) 

J_l__ IJuI (J-UjJ 4j| _UI J-_oU-J1 (j_4 <>J_J__J j-J__Jj1jJI ______ (jjJ JJ M (jj 

___U_JI Jl__o___j ___ j — lm j-jj_»ljJI 4__U__j J-**j *L*(j_5e lm (jj . jLi_JJ JjLa 

UU_) 5^jjl_>_L1 2____LL__J Lc-j-, ,h- ^jjjI jJI J_jmj .JUr, ,„>U ajjUJI 

j-l*JI i_jj>jj l»I — « i<_^jl_i_j ^tj(3-l _>_ 4" i< <a jj^_^j_|jj 2JLt_ij]| «Gjjjj Jt (jl «_l 

.o>L___JI { -U t __ 
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I j-A (jt £^»jt L?^' Jj3^jjlj>jI*Jj .2LSLLaJ1 *Ll> (jj-JUJ 

jJ-«! j^ ^LSUj jVl e_£jSJ JLct ^ jJ! jjk iallaJU ...t ) 

ju&t j^L- jsl.Su j ,„i j ,„n oLi« jsVi 

^Ui^l JsLSJJ! Jjj^jilj cuLUkJ ^y. m,I ^jJI) jjjUjj r l jjjjj 
UiL^t ^jJI .jijjb jSji JU^V JjjU! cdJju j^j <(J_^u 2L«U <> 

. 12 Jjuxill ^ aj£j 

(jlS" «Gpa « I jj£ <> |, nt ,„ j U^U (jl^ j jj^ j j|j /jt ^ ^jJI ^^JLij 

L?* ^LjJt^I JJ^ u uj j JI jLuJI (j£. 4£.UaXV I aj.»^ 

Ur* IP^I CrJi *J*13 <<jU 5jmU (j* LstJj-a Usj£: (ji^jJ 0 1 jjj . L_ Jjjjt 
4jJj jiljU (io^ 4 j^ZuU 2Uu>U ^ *Lj-jiiJ I IsLlJ J**_J 1907 ^UJI 

^oaj 4£j — ^(^ju^J^ <J|jJI oUjUJI ^j^j.^. j ^M yj.j^^.^ A, ..\ ...\ 

O^J-HO^ J^lj ^U JjAi. ^Ual^il ^JJ^jjljtjJj^ut jAcJlj^^ljj-JJI 

(> cJrtJ^j ojJ& (_pJI f jjJL$JI ol jj UJt oUi (j! ^ 

Ojuj .((j^jj_Jj _JL_ L^t (j^l Jsjju LuV) V 1 —- 1 ' ^oj^SLII 2L*_JI 
UJt o U. ,, <r r l jl___| (jSUt 1909 ^UJI^^TJjLA^ j^Ij r L_ 
I j_ JjJj . ( * } 5j jj| 4jJj j^J ^U—ij _L_u SjJj^I UjI j 
iSj^ c£— I <jf <j— * (*^J-N lt— * ■»jj? i J-' j <j j— -_ U J__t j_ J___l 

- 1882) j^_j_. jJU jA ( Jjj_j j|j «Lp-jjj c_lj_.j C__) Li_ t-jj^' 

_„__ (j-jjj .(1970 - 1889) oju-jU c__jt (^ju ^JLUj (1945 

cj*i '"l -l £UAVI (_al — iSU tijjLstl — lJ MjjJI 4 uuu jJLi. jjU jjb I jj* jt 

Sjjja ^ * JUJI .oj-^cI vj^' ^j^ <jt (jJj I jJiu 4 <u— «<L 

Cr^ _ dlj jJI L^LiUj JUu ^tiiu ^jusI ja ^ LiJt oU^uuid. ■ « I ^"< f 

^jJct^ ^*ljjJI (jjL«jUj jJui Utjj^t^pJI 3j<i ,,i>LSJI t_jjL*jJI 

• UJt CjLuu> L^JI <L>jj 5 ^ r°ij c_, 

jj .^L^I ^L^jSJ» ^SJj ,1908 f UJI ,> Jyl SjjU ^JLi j^jlj (*) 
5>5UJI (jiJj ij.LV! uUJd ^ ^ ^Lt» Jiju ^cLJiyi iaLSJJI ^L^I f LO=- ^ 
Lijj) «.L^jiJI 4if jjjij jlj j4*AI U ^jl IjJ^ <4SiL»j ^ ^jjni ^ a^j^ cijIj! 
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<__J__ jj_ SjjJI &c Lcjxi jii^l £jj_uJ1 (j__^cjjLa__J1 <?j_- #lj^| JjS 

£jj_j_J1 1 ju_ j*u=J iQJ m«JJ .(___*. 4JJL5&J — w/l _£_-Jt ^i>*^l ^J^' 
jj gUa 2LuL*j| 4J_*__i CjI j 3_>U <j-« 4jj_ws 3j_> - ^e-JcuJI 3 j_*-J 4_uM3jjJ1 

~_Ujt| Sj_«j J_-U jjj_Jt Jjj4 i4_lJLu citLbbu) c_1 j cjLijj___!i L^Jl^Ij 

(JjjJI (jjtej (__!__ 4_uL_*j)/1 V*-r Att Cjlj L-J| ljUu-u^ _--£ <j-Jj 

t_'^»* l__j_*_I U-JJ * L_J_4 0_IL_uj l_$_Ji Sj — __Ua L^jJLc? C< ^ > i H i___tj_ jJt 

(j___> <j_<__J1 3 j&i 4j __t 1 Juj_d L^JLa JJIi j---J t<j__uL>Jl __>•! 4_p-Lj ^LlLS 

<j_« jrtjJLswj J_w>_- L_J| CiUmrw <jl <__J} I J_<__J . jJ>Vl <j-_ j1jL*J |-JL__j__j 

L^jI j___I jlLc j-_L_u UL_c-.| L$j| 3jjj_t__JL (__i*j I jla <jL-i 4 4__>.jJH __,L_5___J1 

j tu* <Jjl\ jA _jj_Sjjlj <j£Jj .4_L>.j_a 4l=t__j CjI j 3jU __lj_Cj_. <j-4 3 j__,U<i 

<^ j^SjjJI 4^_^j 4j^(j_« j-^VUj_>_ll <jT __J1 jL__t(jL g_)L--J1 _•__-> 
__iL_m____w 4_ulcf <jlj .oUjj_i__iyi <j_« 4jLse_c_j 4JoU_~ 4__jj_o 4jj\_j_~ 3lj_ 
lj__ <___ 4-Cc- ^l) central nucleus 4jj_C ^II 31 jJJI 1 jjI _>_U__ V L_J? 

(j_a <__*__, jJI <j!)L-)M l>* f JJL^ Jl*j . 1912 ^ LJt <___. jjj^jjlj JU--J1 
jjjuJI *1_ul <___■ <Jij,A-_ (J-oUj _-_» 3 j___l___ 4_*_u Jj t((jJLi-i jU - jJLi__ ^J-jj 
__j_T 8 L_Jt ujl «ijm^ jl_w1jJI ^jm^tl <jjj J-^Ljj *6jLH-^y 4jLs___uj 

. uj! ^jin-w <~--i j_*_i _,_* j~Vi -^Urtj U-4 ■ __>.i jji (jjj_icjyi — __>j ji__ 

M_u49 c-u-jJI -JU <__* (jjj (^l) SjjJI Sljj(> LiJt ( 4_L_ i _>. V j_ai Ijjj 

4is_-__J1 j-ut_J (jUiUJl JL>4 (_-J| (J^Jr? (J^^ <(L-Jf ^*J U->. (jjj (j-« 

|«j i3ljJ-!l ,__Jj 3j <iU« 4_*jj (jf Jc____ SjjLj l_jVL_w (__-> CjJ — stJj .4_l>.jJL1 

,(_-jt Liu_w __JJ 1j-ij-« J^LuJ 

l__J| 4jU _yl__ I JLsJj itnn'^ Ji uu dljjJI (jl (j_- 4jJLj i_jjI_>u C__a — _l__j 

3l j_J1 . Ubj-C 8-10 jjjjSJi 4jbe__u (jy» #j\_». (____ Ll__4-J (SjjJI jJ___S (j_a 
U ___<_ ' • '-'t| jl (4jL*_J 4_luj__j 3jl, jti jl . 1 — Ca j-C j__*_lu — __ 13—10 
f_C-JI ulLcV| (_^L_j|jjd1j.(__J-ujLi 4_i_3 _^[ 4j — l-JJL» J^»j 4jt-. ^jl — lxu 

cjL__*___J1 lL-jjj 3j ...A^\',mA^j^<\\ _jj__J1 ^ 4_Cj — __j *.jJU_4 ^jLa ^U__e 

(j| 4j! _- (j_4 (jl_4 U j_S>j) I juk (__Ju_4 .(j^, iii 1 3 4_l11 — uJlj 4jl>jJ,I 
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^ ^ ^ ojy^ L JS (^bljLJj o*5j (JLc U«J| J-J-Jb 
*U*a ^ ja t 4ak. ^«Uj ^ jj| ^ ^SJlj ^ ^i^) ^ 

4o>jx oLbtui Jojp ,jj| 4 J „ . J L L ^ J j^SJ| ^jiJI ^ 4SL5u f jU« ^jLs 

4jJLxj 

(>» ^ V O^J ^(^^J,^' . . .« ^jilj jJilL JljjV 

LxSj (jf 4jL^ t>> ^jJlj ,3, jJJ 430j*j 4^1 JAju -LjJljUiJ 

* Lj_JJI (jj£i_M, U^Jj t Jjji 3jSU Jic SLulMt Sj^JJ 4Jj^^ 

a^u 0L153 4_«ijj jj^i suuji V j^ji j:>u «j^ y .SjJii 

£jj-*T U> 3>AjJU ^Ujyi) 0>uJI ^ljLitl^L CiLualjUI . a l r.r< \ : 

«JuiSJI jL#* (^f * Asdic and Sonar ju>oj LtlojT ^ lijjjw 
1919 r Ui| (>j .(^j^JI jL^JLlj 5jj*UI r LiVl jt cA^ljiJI 
^ J^»ljj . JaaJI ch-^jj oijJujal^ J.ojl^ jh , „1$ (j j . ~y t . 

U1>*T 42jLui c-JjUU jjjLjj SUjLL» ^ c_j jUUI „1 4_x-ij r LJI 

ULi^ L I j| cn^jjiiiJI cilji (jt ^juk 4jjL>J ^ cJui£l j .(jju-ujL. 

jjJo j-a *(jh^£Vl (jjj JSLL ^Jj Jj^J UjL* LJT CjLl^> ^ JjI^j 
^lla^dl Cu* i£L- ^jJI L*jT jA JjjijiljJ «(jjJJj^) l^jjJl*JI Sljl 

Jj*3 Jjt I j^* J!ujj . (1920 f LJI L-c jok^ 3 j^ Jjy^^t, ,j j^JI 

'* * ^LaJI />j-A (j^ L*J*I J IjLj .j^LuJI (j^ j.uaiJ ^r- l ;U,^ | 

eJ^ Vb Ij^M» LL« c^j^JI £^>fj a j jl_JI SIjj ^Ja Cjj^ j_U3 u 

^JJjLi (^ ^JIj^i^L JjjAjjlj ^j^tj .4jjjUI ^LjjJJI 4^1 JL» 

(jtd^jt 1924- 1920 ^ L^ V jU; (1974- 1891) 
U^'^ JJ^ oUjjjj^JI cjjjIs ciii.Vl j -^LlJ1 (j^ ^^tSntl a :; u V| 

19 (>) S^JJ 4jUj Jj^ 3 cJ^jJI dUj Jliaj . LJf CjLuuo. (>o JjIjj 
j-^^1 *(4i«> 4JU VJ t , , . u CjI JlJUj 4*Jij 1 1937 ^LJI jujj^t 

^Ljj^iJI „ULi jua* Jj^ (^J) 4^jXI 3j2JI 3jj^ ^ LL! *jjj 
C^tj .1914 ^LJI ^ ^jLa t-JiJ ^ (J^j ((jijju^l^ J^m^ 
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Jj_> -II jj *1931 ^UJI tj>'-"1 n u_jt jjji&jjlj UJUW — "L <_3 jjlj 
JU_£1 f*5 (j-«j ^jjjj^jiil (oJliJlso j!) lL1jjjL~ iJal mh^I <jw« JlsJ j ^Lc 

.SjjU (^JJ-Ltl £j>*lt1 

jU-aitl -jj>j 

*1932^ *5(jJLJl uil jjj-jilj _!_-_■ Uju-. J912 u^cUJ! (jru Uj_ 

U j oLjj <j\ i— al < lil^l <j_. clLlaLj ^jjjjojJI tiLjjl — — < jjl>> Uj_c 

l_Jl>. ^ jJI ^oJfcVl jj Ultl (j-? * J-**' j. i , rt<r CjLjj <___Jj Jjseli (jT 0 <<n 
oUjj__j ^ja j flk"> SjjjAII j__»L*J1 (jt u_l uu5»l j-> 3jjJ1 ^4- JUc^j <_- 

1877) (jjl_J <jj*j __j_ (^Jj <_!_; jUoV 1 I JlA JjJLsoj . 4 aj jILa 

^j.uu^^jjl .(1945- 

_J|j__j J/UUo-T^jJI 'l£JJ--> dJ^Jjia ^jJj^Ij . ^Jj-^iiJI <jj_J1 <j^(_j_JI 

_Jji__J 5>*il oU ...Stl <jt .1911 r UJI <__ t jSL_o,MiL 4~>Uu 
Ujiau U I jj L^^jaj Lbjj»..^ (jSUj * lj-p" lj*J LJ jjuS tPJIj t^U<M^-ll 

jiU * 1913 c ui (__Aj . suj j <jljj! o&j ' Sj ^' j 

L_d_vl U-^ji-l Jj-al JJ---J1 Jjj>j j-utijj) «jjUaJLtl»^ .«I CiL j t .-t.t l 
«iU- . ((JjJjJI JjJ_»J1 <__L_, < rtntju* L4IS0I (--M uLu j-JI (J^*J W^U J-4 
2LuuSJI Ju_*j CJ .a.<— u (^— tl (jjJ — uj] jU_,t (j-4 jjLIojJI jj>.j (-L-jUj^JI 

Discharge jjj--J1 er- ^U*— jUI 2L*.jv» 5 « __>*-- (-itl 

jjjbj (L^jUjjjSJj (jiuu ^IjjjI f<u cjIjj *-jUjjI ^SIjJI t-— a <_*) Tubes 

L^J_-__1 5 urtit IjIjlsu lJ lj_b <jl_ .4j lujJaLjUIj 4jjj^JI CjVL%XI 

j\ a.ju.itL (ajjSJi a..,«itL oiHSuyt ^l*^) e/m ^uaj oj— «*- 
e (j| tiu^j t oLjjVl 3i M.ilL e/m jjUL jji—wT (jL< jj (jjpsjyi 

t Ljjl j <J£HJSJ1 ,1.11 ^l 4j ..titLj . 4jjSJ1 ijMjJu LiiJ JL» 4jU t 4j3jjju» 

jl>.1 jJI ^uj^SJI JLsJLI ^ 3jl>.1 j Siaj — uij «jJ jje-ti ^pJI oUj__lo^J1 (jU 
(j_? 1 jj ^UVl ^-tj jua J_" J-iT ixj ju L_uL>. l_s jjtli l_Sj__lu 

U (j-l _it ja 1 j-bj . J-! L^jjj (jLS 1 jj jj_1 <jwjju t_3j_tiij t JSjI L^jjj 
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(Mass spectrograph _^jj_<^_) 4__II <_u_ f___b 4_j_i 

j*_u <C*^*~--Vl JU ^ *j__L*JI 6^ UJ^T t^JL_i_| 

t>T -U- JL-* .4_i__« o>Lj£ olj ol jj 4_J_*_« 2U j_u gU^, 
'<*^>W! Sjj 4-_t M-U 16 L«_t_: ^UjjA j3_Vl 0r^--^l 3j_ 
_>L«_u_*j _^jjjU_JI ->jAp'j ^--i Lj__ c_j__ <_U1 Qtr--^ oljj 
,__ „,» -^! .o^jj-u*JI SjaJ Mfu 16 1 gU J_? 4___" ojI. L__Jf 
<jj-J1 oL^ 43ljU_»| oL^iL-i^! j? ju^____ U___|j _dl_ 
Up__T Jj_---*J 4_l_ __>, <_& Li^ _j__j jL^oy | | jl2Jj.(jjj__^*J| 
Sj\_UJI ____, ^_j____ J____j) 1922 r LJI .L^jSJI ^ J^ 2 j_U ___j__ 
2>i_ c^lj 1900 f LJI «__ 4if Lj__ ^j .(1921 r UJI <__ L*___i 

_.L__«j .Sj^ -___jU> -_^|j <4_uL>^ __LL_* t -___| j CjljjJI _J 

JJjJI ^jJI __lc oj>A_J| (jj-il t> JjVl juuJI J>U _L3__VI I_a 

Olj jJI 4u_j|j 4j ^Jj _*___Jj| ^Sk ^ jj| j ,____ 4jjI JU V ^ jj| ___>|jj| 

.oUi__>J| *j_ __, 4_i__ blact _______ 4j5L_>.J ^Li LL_____ J | 

J^1_j c_>jU_: 3j__L__" UjJU -_«_»T 1920 f LJI JjJUj 
.(5jj_x. oljj Lpj* __« ^^33) __| J( jj| J^ __^ ____ 

jj>3j^l__L__->l 

r LJ| ^b^JI ,__) J^ s-l^ J____ ^_J, ^y, 

j-b l# (*L_a oUL___l _____ L___u 1932 f LJI ___ 4______ (1935 

*(1958 - 1900) «bjjjjj* - jjj>j yut ^(1957 - 1891) 
6f 1930 r M <_i ^ ________) /*)L_.ij_ <__ ,(1957 - 1897) ^jj 

JjU <__!) 4*_Vl > I jujL^ >___, g^L UJI gU_x1 ^j^ iy fi jjj| 

.J-il^j^^lj^L^-jJj^^^j.UU 4__Uj-»^Uj^43 

oUl_*j ^jJj^ji cju^ joc 4Jt U__l L«jT 1932 f LJI jjLu ^ Ll_fj 
olj jJI ^ Ua_>j v^ t-UI 4jj_»UI jj_ 4juiVl > U JSL_i __oil L_1 
oUl___VI „ i_ c^__jj .(_Jj isjj? L_T LL_ oLjUI ^) awi^ ...t| 
r ui jJj^ .lj^ji ,j_ uuj u^j>i Uip-j tj^&Ltjjte a^i ^o^i (*) 

• tSJL»S -jllj* o_VI 1 926 
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objj (yi) cr^tjUI J>L__jj t 4J j $ m . j Ujjusj (j_Ul oUjjjjj ^JJ-^ 
^tiW^t <^U___,?I JoL---_!l Ijuk u l -U--* ^__J -(c^W ^b^ 1 

_-jj-_^(jS_j t u-i£L-^ 

«3jjL_vo oUj_->. 3j-u t_) j LaJl ^L i) <jt j-~ 4_ui_w _jJl*j U (j\ <_J jjt 

UjjJj <-J jj_u 5 JjUJJ oUj_- _-*JI o Jb* jlj *fj^ J^' oLjj <R*>*iJ 

^j_*j ^ jJI cnia! jUI gjli U__jjj (<j^jjjj$J1 oLjj) oUjjjj-JI *j2j 
Ujbtluw» ljjUsjJI j^s I Jjj\- l-jjjLu, lSj-^J -cjr^jjJj^JI b* lt- 41 
^L%j < JjL>J.I (ftj__u_*Jt |jut Jj_vj *j_* 4jjL>_ pj-o^ J-lj 'LsjA jjJJ^ 
. OjjjjjJI 2Ul^ ,>q 4_u_Jo 4^jJu jj_1 <___■ (^lll 4_t_? 

_UjjjL_, oijUJi (^.--t ot c> 4_vi__* 4_jL__ j^Vi ^ji-ijj 

^ ojlM ^ jJI ob < 1932 jjIj-_» ,___ lUL-_JL 4j»j_*a_« r Lt JM_- 423». 
(Jjj-s J-> (jjj-IaJI (jj-UI oLujj__a (^ju» <_,__ jj .(j-ujL 0-* <j>M 
(jc «i-stJl ^ i^yiTtA J___u jlj njrj-^Lt 4__>U*j __jjjL__ij (J _jj__1_' 
* ji-^L Uaj,-_I 5j_j uyu^M^» ujlh^Jj OJJjl* Cy ^-Jj-* 6*— ^ 
L_Jt oUl--> JL^jJjl <j-Uj cJl^ ji ■■■■r.l ^jjj-^ <Lil L*J I Jj ^jJlj 
(<jnj JjJ-Jl 4__->LLa CjU jjjjj 4juj! j-* 4_Jj\~ L4M U-*J <j--Jl U 1 * (jr^ ) 

j_* <j\ s jLijU «ojlhj^ 1 » -^J^b ,h I J ^LjjIMj 
^».jVl ^-U __J j ^ljj < jjjiSJIj Ojjjjj ^M-JI <j_« 4JUJI * j_A 
J___>3lj ,,.11 Ij-t^Uj^^JL-w-JLl j^oIj.^O^LjJIc-J-^ 
^ JL__VI oljjjLi ^tU" ,,,1 I jU Ijla LJ j-—-jj . ( * } 1921 f UJI (> 

^Lu^l C-JLuoj Ulp. gr-L^.^tl ^lln ,„VI 4:L O^I^L (^JJ 4_^^Ui 
SjjJt t-jLjSU £f*J^ OJJLjkJ (jjjJjjjJI <-^l ££1 I j^Aj io-^jL _J1 

(^jJI ljLSJI j__j 4JL_> oj-w Jj^ JLa-i jl j-tl ULuUj ^l 
SjjJI ^lj-wt c_v4_*uj t_*j^ljj < h f <±4*i Lul Jjj .^jLUI i^J—j u>J 

SljjJI ^ J_2__J 4JL»j1JI (j.ln, jjjlSLNI Ijli 4__>UtJ (C4-J ob iLjLA 

^_-_l_JI (jj_UI 4jL^j (Jj^t * j^a Sjj-JI Lj__ (j>-*jJ *4-a__j_JI 4j^ja 

. f. jjuaJI 3* . .L> ^jc jjpeji J--I j-J <Jt>JJ» <j— — — ; 

^jt ajVjdl a - o! jjjbll I j— * I ^,VI I jjj 3 jjjx. oUIjJSI (*) 
.0^1 4JJJJJ ^jJl oi^ji-t ur 1 ! o^J .a#->b2-i sjjL** ^Ux_» 
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4tl4f*lf «L___! 


J*K^_>*j-L__ji ( ___^l_^^ IjLAjkb 
J-lSUI -j_-Vl f____>Jl 6 | .black body ^ <*____. ^ ( Perfect radiates 
g-Ui) ____. jj^j t j__ J _u UoJ__j «lJL O^LmJI ^Ui?! J^-* ^ ..... ^ 
£U__VI U_b <(^~J1 Ioa U_* ^il SjUI ^ UU_ 4i__u__« 42^ 

^ c^ji 0 ii ju____ _____ __, ,Uj __u_ 0 i<; bb-.-U_a SjIj^ji ju,. 

<w.» o-O J* ^ £-____y i ^ ^i&cyS^r**. jj^ 

. _>_.Vi ^-^i ^u_aj _jj___ ^ _____ji ^ _;>___, uu; £j\i^ 

*j-^aJI £U___VI l__* J!u D j___, jj, sljf Iju_ ^ .bj^l ,Uk 
J^ tf>*t UL__4 4*_ <j<_tj .Cavity radiation «^j*]. c.1. Aj^j_;T U -, | 
-____ jj ( L^i^ ju^ _j__,Vl jw^l JTLol^aj^JUJ^iaj^ 
O^JI c.Li^^y ^ (1887 - 1824) .ij____ j^ c^jj ^ _______ 

^lM^u&j -a-L^kji .j^, ^i ^u^ji £U__y Uu_j j____. ^lji 

J^jUI 4Jb______| ((J ^_^_>.L. <__ .jU* <> ^jJI ^j ( 3_JI_J| ^ a_t| 

^jJlj t _.j__J ^ ^ jjL__JI ^U___VI <Ju__ 3__jl, <__u__j ^L, £___«_ 

*l___c_:>l____v_ ^ jji_oj| V j_^i«ai j_j_, ^ 6 i_: .^jU.ui ____ 
jj-_.Vi ,^_u_*ji <juj_j aj-uyspij _ju_ai ou____ji Jj_jl. <>___. u__ 
Uaiu <___ji <_j c__^ a_o.jii jiji_^i 6- _n« ^-a sjj_ uj 6 t j__"__jj jLui 
^ 2jj_ji „___> ^j^ 6 f u_; ( j_u__>Vi j jj__>Vi 4_^.jj,i ji ji.yi £_____ jsf 
a*>_ ojj u__r > __-_Vi a^jii ji^i j\ j___, ^ „,ul_ujj_^i . _,__« 

^jj __Jj 4_i_U _u_l>. 11* JIUI J__ |^ . ^ I ^^Jl 5j|j_>_ 

JS* JJJ->JI <jV __Ujj t> _u_of Cilj i-j-Ajla aj^^ V; fjtj -^yi 

±uUt\ Oli 3j1j_>J| 3_^j_.j 0 jU| ^ 4_iM_JI __LAj . U JU>. ^l 

.^j^tiJI 5j|j__. oUjj ^LS tijJUi (ti j_UJ| ^ ^ 

-ili^CuDj-ilj^b^U 
-ULU. I U_»ji. ^j_>.jj _j_-Vl 3j_U__J| £U__! 
J*f<>» 1ji__»L ^.dl „Lj_^_J| ^ULc jl»1j j.4» c_L>L ^U 
-iliMj ^U JkAj . ^j__.Vl JjjLL-.JI ^L_iV ^L, ^jj^ l__l___<:i 
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(j^JjJ 4_«U_j 4jjJ___J1 *Lj-L_J1 jh ..4 L-u-ai- (1947 - 1858) 
LS-wLjjJI 3j ... t...Vi a : ...1 ^jJl 4nfllv (jl __jjuj . 1^92 ^Ui! 
3_____iV _ujJo __L__1 ojuu Uj 1895 ^UJl j_U JjUj <4jjIj->JI 
Entropy L__-ujj-_l (_____ 1 ..,j...t- jj__-Vt (3j_-i__J1 _U_ «1 <jj--a 
(j_j 4j1 j^jluJ) ^j.MjULlLojj^SJI oLjujJI oIjJj- >» _^>_*_4 

d jj___A_-j _U>Ij (>aj *-_Jt j__j aJLH^ 1 ^J-~' 

.(oLjjjJJcjlj-JjJLUjLA 2LaL« <jj_jju - M *^>L-J-Jt ^ oj ? ^«J 
4jJjbfc* J}U. (_JI j_t _____ __wL J___> cjLUju ^iLJMj _jjx_ >~j 

4j1^j ,__]_ .4_jjjfcUlj 4jjJ___JI cru _*-_" -__uLI_u» (_JI Jjj-ojJI 

«-_L__J1 j__>L_)) _•_-_. U 4_>Oj-_ (j______J <_jl — u__- <_---- <j-Jj ij-4-1 

p . ,. aj 4/aj^j<tl j___LuJ1 (_-«.. ,.,_ U 4J_U~ .energy elements 
_,j__Vl ^ - r tl ^ i^Ljl) jJLt luI jJjJLI *_i_. 4_UI_> JS^jj-UJI 1j-*(_-- 
lj <tj) 4jjL ,M ^lj^^l >, (Ijl*. <<___ 4___Jj) ____» J_-c _--JI 

lj-*j L*J j-Wjl *constant of nature a^.Utl <— j_j 4_jj__1j (S3j_t__. 
(jlctj .Blank Constat _LMj _-j_ ^L Ljjjjt* 1 j_> -^u-tj .h j_ 

14 fjj ^jJLtil _j_J jJ 4_t4Jj--1 ^Ul^l <_£> 4_^jj-_J 4___j_* >£. _L_>L 

2Lp.L >* (jji-oJI ^oj-uJt J*U_u __Ji 1 jJ-jj . 1900 f UJ1 (> ju-.l-j- 

j y<~ 1 J f _j_ j A-t l jjjUI £j__3 -_A «4jJJ_JI» 2j-__l -?JLA Lll^l J_ J__ 

_u>_j V (jXJj .„L>-!I <-£> 2L jjIj_3I 5jj-JI 4_j1^ M-- fct»tlt» ^ 
___ ljj__ 4_«j_ (jjJI (j-^jjtJt <_ii 1j_*_-_-_-l (jjjJI ^>Uj Vj4____> 
L^! _____ ^ jl_ 4_-__JI --1j-_-Ji ljjJ--u ( U^t.j-_JI 1_u._-J--,j--Vl 
^y.-.- ... (^HIj __U-_Lj_J 4_l_j a______ UjLu__L Jj 3__tj 4_i_-- 

j_ _LjU (TJ>*- j (1)— ^l? • «—'--—— — -I J-*- 

S3j____o J_*_ 4_jU— ju__*j _* 1 jU. j| iS j-jj-T _»l j-l_ _»Ij_J-> 

juij ^-1 j__1 (jj! j_^T o-i— _i (jt L>" -Jt j_ij jJ-u-J (*Jj 

l_1j_at Sjjj ob 4_^L>_^ 4_5j_*. Jl_ 4_L_Jt L_lj£' 5j£_ (jL 

2L_-U_a Jj! (__ _tjl Ujl_ _ilj___ (j_c-- j_j — >Ij-j 4_^_U_>J1 

.jtjj-JI 3jj-u» 
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*>JJI UjljjSj ^ImhjTu» jjJi 

^^OS^LJl^^^j-j^^ 

<±**lJ\ ja ( * } « Ij^. Ljj5» *jL_jj£.L Ij.^y ,1, j_ *j jjsf ^ jj| tSu*JI (j! 
IjJ-^p-^JI |j_ jla-^i <^ <j£j PJ j_J| Liilj^ JjLJij^jJI 
Utiiw L^j uy^\ ?j^lu,\ . (Jjjj 3>jW 4jJLc Jlj ^ jJI J*jJ1 4j? 

VUUVI SjJ_JI ^ | jLwmy <_lj*j ^^4jj1 j^JI LS^LbjJI ,__t 
cJj>» 4j_j cdl_j ^ .Mjtnhioj j^JI ^Lju5iVI <jf < ?> ,Vi<|j «Uj>_S- 
^J" 0* (Jr 1 ! ^LjI__w t> ^lj . ( * #) J>___u,V1 4jJ.>Lj 43 L_ bilj^ <>« 

4jU * IjmjU Lli.ajj^' L_Ll_) (J ^" q j jt JJLU2J Uju_ (5 jjJI <jt) 4jjU jj| 

V_4*. <hv _L_iL__« Ji^^pJlj t 4L-aAi>>o|jL>.j JS^^cdJj JjuLj 

JjIaJI ^jSLm j_ LjAj* JJlj-JI) <j__J11 jt -utjill £U___yi J Jj3 ^ 
^Ui^U (j£-*JJ cJl^ 4___ jj.^nl l __tjj| l't a^a^-^.^I^^Pij (^jll 
4j___ -J__ <j_. L^-jicJJ _>_jj__JVl Sj2j f Jl_u q\ u M.jtaU-njj^SJI 

1902 ^UJI ^j .Photoelectric effect v y-jj^tl jjj-J1 - j ,* 
*<^j_*X>«_TI j_jjtiJI <j_ 4_jI___J| ol___ljjJI jM jjtiJ v ,Jj_ ___&! 

Cr— • (ujJ) --— sm er>J~ Jj— • J- *jj->^U ,,ij UjJc 4j| i n j 
4_L_J| <j__j A q 4_U_J1 L^J 4_jlJJ1 CjLjj__JVI <jL& - U -t l I j_* 

j^" oj^e o' * — o-^j - * j— -- jJ.1 Jlj— _>-"! L.w-iO. . u h~-. 
oLjj__J)M <>_ aj> <___ J___>_ _lj) jj - L__L gjU.ntl jujui e j__J1 
. 4_L]_J1 dJ M^^Jj t Ujk_ j___i *j__J| ^ ^ as^i 

Cr^-J* Jj— l^ t*>— > 6' _r— - 'CTH-^^^J^j » -__ jj,,,._j <j_UjJ 
4J Ui^ M^oi^ ^jjuiil a^jjiaJI LjjIjSJI j>» jLjjj-acJJj^ (J>^j3) JiJl^o 

L^cai: 42LkJI *ju<6 Itic jju^i ^ji ^j^Uj l&ia M^" ^jl . hv ... iSLLJI 

4iikiii cjLj^j^u oj^ l,^! i jl^Jj t4 jjuai ^ 6 jpsj) ^j) j^^ 

jjLiJ l d n ,V,< I ^l 3j^L1jJI jj j ,„n fJ cdli ^j .^LkJI 

Uf-^1 tf^J^J .t^^ ^jX\ £l^\ 1 .mj./LjJ^)?!^ 

4^j» J^JI 4j3jj 6lj-^ uT tP^) * J&ti ^jjjjJjJI 4j^JLJ| Jl_^| 

.« J;LiJI t^jiAuT j»Lc» . jj^». jj^il .cJcjLa jI <UjJuu= ^Jj 4JU, j ^ 
.«Jl>L>JI ijCAjj] |*Lc» .JjlLlu, jj»j| 
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1*11 fe»U 


^^jJI^4JSJj t («frj_-xiaJl Jj*»JJ jJ>iJ J__u L_^j- SJ_^L___« jJ-J 
*j___1 Lul j£ jl ^L-il ^ _-u_U j£ i_I>jAj i_--ja __}_>. ^J—j «_LJj 

j^j <Photon «__l_j_j_J1» ^u-uil 1926 ^Uil ^ UJL 1j_lU ■ jS 1jjl_j) 

. 2j_|j 2^^^ (cH^ '" UJ 1 ^ Cr^>~^ ^L^SJI f»JL 4i_l_l ^gjJI — _/_M 
:4_jJaj Iju- (j_- j^_-J il__- 4jjjj 3j_C_ 3j_L_J1 dJ_b jL LLj JJjj <j-4 
jL, mmMj (J)U"m L*j_ 4jl_ tL_ jjljJI (j-ij-JI _V*J 
J< -\» 3_U_JI gjjJJ ^ * - Jl- b4 jjU__4 j-4 < JLl % . u a *J — t-> 
(__!__ Jj <*L___1 (jja jl jjoL Sjulja^o ^LeJ-l ^jj^J — -~« 
J_L_j (^ 4j__3jj__ll *j — _aJI Lulj-' j — « JjJ_*_» _J-v (j—4 

, V. J (jSL«jj <___1 (jjj _y« _J j_*jj <_JJIj i*L___JI 

■ LVa -JLIS" _1j_-j_* L-JlJjj jl 
LLl-l **j_--1 jl 'LjljSJI _jj_l ajrtjrt^l 4j|juJ1 4_<_>J1 aiut J__Uj 
<j_J1 4jj_>u) ^j-^ Laj Alun *1j_ j| (jSUj i4-4jjr" tntl (_jjL__1 (___- 

5_ll_jj£j _u_\((^j_>jj^_J1 jjjtlll) cjLo^sJI (jj» jL— ' jl (<rj.>>lt 
jlu t 4_-l j__V SbjjiJI <___*_" j_J1 I jlo. jjSjJj cjO— ALI jj^L* jl_ 

JUj__Jl 4-j.J ^J-. L , % (jj .3^U-)/t cg « . r < S « Ijjj^ f- f— «-1 

J j_w| jiu jL 4J ^ — _jj -___j <__- jl-j *1j-~ '-'jJ^ *jJ~1 L ^j-*j — "-1 
^Lj^iJI <<J__ ,(1953 - 1868) u_L_JL« ctrtjj 4__, ^tj .4jL_<_j L 
4____w f j__J1 L_lj^(j! 3j— __ Ijj! Jx3j t«J .ji.i <j 4j_,L^<__vjj-~_1 
.(^j^jj^JI j-5t_J <j*___bT ju_-___ U-^^^j^^Ij^Ij 
^ 5__> jjJI <__ Ujuu J_vS_ c_jjL--1 6—* 4 1 "'1'" eO^b 

l ujL- J.«ij miJ (jl 4jjL>_ f.L_l ^l__l___1j (c-iIjjus ____ (j> t m i Ij T (jl 

(^j-ujjy-JI c-L_)M Iju- ol .6.57x 27 "10 ^jjjl_3j «_Jj>L c_j_J 4jLU L1j_j 

3 j.u.a eJjLo L^j| j|) ^_l_J1 _jl jja J___t <j-« >^*J ^J-lj 'Lry^^?' (J^J-- 

f ^l^- 4 i /b jJI «l'^**' "J cj^jLtjti jL__- l^jl (jj^jj i 1 j_v ^LoiA^U 
(J__ m;j1>_ s.j__JI L-1j^3j__- j! 1915 j__-j _-U^j__jj __>? (3j — _-_JI 
(^L L_Jj ^yk. JJL- 4jL>. ^L_- (_jj_» j- LL a (jl j^jJL jjj-wj . L f.(^ui 

jLc-^ t_ljL>_ ^j-_>-1 (JiL>. j-a f»1j-it 3j, M . f Cni^ » :J-3 jj (jj-^J 
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«t-itjJt .LUIt 


*^3Uip J£ o-* u~--Ji J * 1905 f L^U Cjft ,*uhl 2LbU. 

V UiT ju^! oi^j |jj___„ 1915 ^LJI ^ ^ji^t 
<y* JU-j . ( *^:LJj__-* V UoA 4 — «JLT U. ^jJi^ 
♦J^-Ji I j__ ^ st_l_U . 1923 r UII *L*_JI ^ jys Sj\_u ^ _jj____, 
Jilj_]| J^ <>. iujLpSJ)/! 4_____J j_uai J^jJI _>_L__I ^ >L___ 
LU_ ^ ob) 1927 r UI Jjj. Sj_-U __L_ J___>. orOAJbT u f <^j--JI 
Ci^^LUI _0Jj j_Uj .(L_«U c^j? l^SJj ,1921 f L*]| Sj-U 

.cljjJI ^ __-L_jjj___J)M _djl___, j-^___j ^ ;M bj|j<JI Sj__ 
. 1-ljSJI Sj__Lt_J r bj J*_? ^ jiljj f j__ ^ 
3lj_ UjL_c.L .Sj j_JI ^ _jj_v,jlj ^jj*. __]J 3_^____a]L 4_SL___Uj 
______ ^ 3_*j_*__U ^Ljj^Sjyi _>__* 4jU____ L«j JUL-jj a^j^ 

.sijjji ^ c^Ujj^jyi __>j___„ «jj_ jj^, ^^^^ j^.^ v 4_f^_* t g.ji^ 

4_Jl_^ ^Ljj_SJVl Uiu ,1,11 a^j,, 5) jjj( 0 f ^i^j 
t^^c^l ^L^JI o^^-^JI JL_^j.LjU_j 0 ij _u V u l _-JU, L_xj 

^^ijUL L^jiiU^a^^jiaauoA jajij__-___vij__»_£ii 
^t^n ^SjiiUUj^o^ ^--Su - 0 ^ ~.t | _$£>_.? 

J-^J ^ikJI J*^> u "« *- < t^i v-I j~N 6i Lj^j .OryiaS 
c-I**j t 4_T>_>JI Jj__j U_ljlj__ Je> 2u£L L^SJj 4 U-U_ j_>j_l___J| __][ 

oLjj^jyi ^j .a^jUjt ___:_>. a^jii _>jj_ji sj_fl 0 jip u_t 

<j V * U i«K ^iAJb 5j JJI 2lj_ Jj__ jl ju ^l^jjj) | 4 x v V 
Jj_- jl-U» <__■& uJj U-.U-I j_tij U T L&tic l/^J '^L-uj^ 5 A 

Jj_- .jla» ^ j^aJI Jl« - jjUJi jT ^*j cdJj J*i3 ^j 4 slj_jJI 
^ jT .ttjaJI ^UJI ^ jT 4^j__^ Ij^ij ^ ^jl ,,,-tl j 4( >jVl 
iJlUa 4SLIo ^-.^j ^jL_^j cr^ Aojj^SJI a;> 6 f . i.^ k 

^AJjJaJI ^J^J 4SLL Oiij jjj ,3,, .nUl.l^ jj^ c^Uj^ Sjjj-o ^ [+U 

UjLui- UJjJ IjLu^ IUL__« SIjj Jj^ «j| 0 jjXjy I 6 U 
^Ij>TSj^^j^^J J^^jSjj^^SljjJI jL^Iij.SljUI J__kb 
Reviews of Modeni ,1949 .343 ^ .21 j-LUI ( «3_jLj_J| ,1^1 oL^l^^i (#) 

.Phyeics,voL xxi, pp. 343, 1949 
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^ J3UI Ijla <>« ^^UJI Jj^ Vj <> jLU 

<j? yj...M ol . Jjj— "£U jt CPj^ ^jSj ..« ^t ^Wj^ 1 

* , _ya Jjlj . LuljSJI J <>>a* Jaja^ jJb SjJE — uu» CjljjJI 

. jjj j-Lu (jjj j-4> I jub <±j jl*j 

Sj^itt ^lji £ ij*i Jjlj 
JAu, jjbj . 1885 ^ UJ1 jjj^t >* £jL_uJ1 j*jj (ji-t^IjjS <ya jjj jJj 
(lj^jJjj_«LflJI)*LL^Vl LjuLtaj^LJ I jb ! ojj! (j^) ^ujI^I 5j— ^f 

4jusL>JIj oLu^sbjIJ I ju" — uil JaC ijJjj J»! ,jJlj-u*J 4ju»Uj 

oIjjjSjJI 2l>.jj _ylc <Syux>»£A 4jjj j j-L 1 ju>. Ludt UjJUj (^tij (l^uij 
tdJj JjS djjl ^jj) 1911 j*L_*J1 Ja {jLS^lic^ ^jwU. >>» *Ly_J-\\ ^—^ 

^ U 3jJ JjjjlU i«Luiij ^LnJI <jv» J 'o" ',"" e^j -(^J^ ^jj j^l JJ*A? 

(jjs JL3.J 4JiSJj t(J * Jjwu» (jA 03 — ^J 2 'Cr^ "<jr? *-*L> — "4 

4jjjJUJV1 4liJ jj-uaS '_■>• 4_p>lj j_« t__U jj i<jJLufe <-_uC.1l 4-jit j-t.cu. 0 1 
(3^1 jjj V 4-ustjJI 4jUU-_a1 (j! uiiiii l£J-*^ ^P-L <>»J *<Jj*iJI 4 "tj > U j 
•CT^ *L3^" J-*J tiJlj .-m ... ^ *«jJl JuT <jijJL&l£ (Jo-ua CjUU^aI £— a 
^Jui IjjU (jl^ Ull<» Jou fJ J — *-J1 <^->Uu — <---*i. < ?tnV<; « (^ JtjJ-e! cf-Jt 

j_=j_c 5j_l^L*-« jjjj>jjlje^Jt ^jjjj^I j^^tj^Jj.SajJ^ jl£-t J^ 
jjuj . jjj ^l ^ _£j-*JI U jjjti U*J (j^ 

(JjJbuo j»L2j . j" ,.mV» U (ya (^l JuUl 4_u? *}Uj >c 1_ia-.|j jjj jlj j-3— ^ 
^ U^JJ p-JaJj (^ jjj—ajjlj Sja Jj (jjj 0-^ c^^^J^) ^ 2—15^' 
U^j Jjjj jjj^j^b ^Uj t 4iiJI j^Ls- (>« ^jJl ^j . *\ jj\J1 ^JJ 2jhj 

i^jlAil 4-uJjJI CjUUIaV1 »1m" ,»Lj)j-^Ua jrtj (^icj 1Jl-i3. U g .^ > «; 
» jJLI (jj^J (jt ur 1 *- 4 O-kM tJj^ (>° -^jj^j^b 

ULt-i-l jJjj^. ^oaUI <u>jk- ^IhA; f**j J>>- L^ol ***JJ1 ulilil (*) 

^jaj) li^ui» 3^ 4JUJI * jjk J1*j 4jjjM (j^J ; i^iA 1 ^ "<&U-M *J<^ oiiy Lu jU 
Olj j j-J^ Oru 4^SJ' c> UIS >»jVl v^ E l3»j ^j-u- .IjLjill 

Ju^ £jue>\_ j-ub *1iJl*: V L*il (* j*^! (>. .UrtM,"t Ldjy>J ^LtJ lijij jL—t* Jkb 
,(>U*JI (ju>L Juu ^Jj ^J». <>sjV( l-^jS Jlo v*J* J ,J -* 
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Ot u_J_ JU> Jl^j .(3LU_J| 4__U- 4j| ju ^jjj^ 1 

4__ji ____* _^ t j_____u _jj j__i 1912 __jU <__ JM 

.SjjJJ <__lj_ _jj*_ Jjf j>-f --LL_j . I j_U_y 43jb) 4j£iHI 3ja_-_ | 

_l_-i 4U_ r u_| ol o- ^jJi t -_ic oj^jH, __j*- ,___ l___l_j <_lj 

.2_i__ jj$__ ^j^l ^Jj 

^"^— _JU ^J * 1912 *J| __XU_ <__) (jjj| *_jj| __Jj JJ__J _l j_ 

_>-JjJ_U Lu_>1j__ L-__U __Jj_j <a _U__U <>c Jj V 1 jOJjj. C-^jU 

( 3j jJI il^l 4j_M- _JL_ J*_fj . «Ju^Jl ^ ___L 4 - J j_ ^L_j 

^>L_JI , j_> J__aj ,1913 r ui ijUi Jj. Sjj^ic i|t.4> -_jju_. ^ij 

<___- . 1922 Jjj_ Sj_JU __lc 4^____j J.n^-j ,„ ^ jj| jU-UI 3_ulL_JI 

J~>ji _-U 4_j___ <__ ;lu*ji 43Lp. jjjt, ^^^ji ^ ^ ,3^^ 

_jj*_ 4__U__J 4^jV U__Jj 3j->i__> __l_ ,b^_J1 ^ ,1^1 
__j_>_-<-__ > LJI Jj--3Vlot_^lj^4_^ 

<j_- >L___ U jj___J *jJ1 ^tj <__ 3jj____ *____. V __L 4_! r l_L-c 

Jl_- . ljjU__| ^ID JiljE <__!! _j| j\u_!| LJ ^ (-__,U __j___) 4_f 

4jjJ_u & ,|jo4 _ o rr,n ^ jj| t Sj_J| ___ jj^ _ _ ^ __| 

4jjJ__ ^ ^jj^j (Lpljl Jw» <_S jjjG _ j Ljj__J)N 3 j__) 2X. ... V|< 

oL_lj_ ^ ____ I^Lu_Ul j? L_«_L_u1 ^ 4_U_JI _ t Sj____) L__lj_J| 

4^_T 3_j3_ 4^1^ 3jj__j J_, ^j^ 

. J___f j_> U __Jj J__jH| <y <_____!, _____ ^Lj^l Ortl>>UII f___jJ 

3j^v LU Uj_jj (__| 3__LJ| a^ljjUiJI Sjj.n.tl « j___ _)t 4_j__J|j 

4j_a _,!_ ^ ^ jJI 3j jJl _jj__ j_ bj_^ J|jjV _jj^J| | j_, 6 I 

oLijj_sjy i o! jjj ju . il. jij__ ji 3_l_i __tj 43.Uj ^j t su_j_ai ___ 

-jUu^I _>_ 3j>U ULj^ sljitl Jj_. l^slji ju ^ 3jjj__JL Ji* 
,4j_a_.j__t| (jj-lj-JI L_u_,L_fjJ_j__ 6 |_^ 

U j_>j .Sj-a J_ 4_L_JI _>x 3JL*.| j __Ij_ J_Luj1 J___ 4-_Uj oj>--Vl 
SU__ ___bl _JjXI .__j_ 6 _T jT ( >T jljwa (-Jj jljU (>a .j__ ^ j^Lki, 
Ji-ljH 4i_J| CjIjUI oi .(>jVl <__j_ jl ju <__ j^1_j t 4_L_J| _u >L|j 
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<jte l_U_J .(ju _yu CjIjI Jba _)J-- Vj 4___U_J! _y» 4__uuaj 4-jIj CjU^ 

OM l-U . Jj*_-__« JUjJI _J1 cuti £jL__ c^j>>-l J»j^J ^L_3jVI 
!__. (__) jjj j_1 fcl j_J1 J-i-b <c_Ujj_SJV1 >_____ V 
(jtj *oLjj__J)M (j__A ____- _*__» -JuJ «4*1 — --«» 4j JaLc jIj — « JS <jt 
l_l JiUt ____ j-i_u <jt UJ_U? V Slj-JI <>• 4_* jUJl __J_1jJI -.ujj-S_)?l 
^SUj V -» -^" IJjkJi-jj 1j*Jj) UjJU 4j!>U 2LJ--IJJ1 oljljJLl c_i_? 
^ J Vl^jSc,V. u _yVli ? _-Si_ JJU J_.b^lj\__yut^lv^J-- 
j___JI jj-j 4__jJU_4 Sljill __!! 0_tjj__JVI t_»j_it (jlj , (4__i_ UjJU _j*.>a 

j_o ..1 £---lj) J-iii> oTj _U V -U_ JJ____ (jSJj idjjJI j-j-« 3j__.L* 

jj j-ua ______( _-__ *(_;j_ __>j — US t o1jJL___ j — ___ (j_o }L__ j_^l __J1 

1j_* JS" (j? ^tuU j ( (Uncertainty principle <juLJI j-j-i t j-y» £j__Jj-!_- 

(jj« Ju* £_>*j .aj_-_fcAj 'e^L j — -2uJ JUlL 4-eJjJj .Jj_fcA 4jj_" JJ—*J 

J_ ol .-JJ- Cy* J-i»-U j--t -« (>_. jjj (j_Jj .^jjjjj (j___ut ^t oj- 
Sjj_*_, __1 jS" <j_>U--i1 (j_1j_J ji-T jl Jua _-ll jl J-4 _>* UJJ^ 1 --? «2j—__» 
_JL__<j_- t_L_.*j__J_ _ JL-_- (_->•>• Jj-> U jAj t4_)U_J1 j — « 

£____j ((j^jjju^JI jLc. (j-4 4JLtc. -_J_ J-U) 5_j_UI CjIjjJI (jjj j_u£ _J_- 
(__JjU l___ j_4_*_j - «j — (__Ujjj_J1) LjljSJt _)l_) t4_LjJ_JI _»jl$j U- f .-"- > 
c-L-bLjJL jjj j-*__j ._--->- jil JjJ-J1 Ijl^J <-_uJ_JI <-_» I. U l . .. LL_- 
J_l_j Laj___ 4_»L_Jt «_jL__jI L^j (jSUj (__Jt 4_uj__J1 _j_tjj ^_jx-J1 e?j— __->s 
Jiiu Uj___ 4^U_Jt (j_>L__l-1 4o__iS tL> _S_-JL jl) J_____? _-Jl cjUjj-S-iyt 

____! J-0 (j? cJu-uSlj t (j_-l jt JL4 __l| -iijJJW jljLC (> S_u=.L_- -ULjj-SJyi 

___ cj1jL__.I j__oIj,o UUj (jjll-j __j_>_J1 Uj Luj _-_!! < njUH oljl — ___ 
c-Iuj ij_i____J1 LjljSJI ^Ljjj_j-__«j_a I jS-_j .^SjlaL-JII ^jj_aj» < njUH 

(jjSLi J_j .dJuj__JI 4 _oL>Jl 4jrtjUtl 4_-w_-J j___Ju- (J-T g_ "<n <--uSj bl — t 

J_at 4j! Jlu *3 JLJ J_v j 4_4jJ_J jISj.1 (jjJ (jJ-JI ^M - > JI (j-4 L____ -- jj__*_J1 

.(-JU-JI Jj-uJ__JI e__ 

c r ____i _l «. _i,_- j___uV( s jjji «^j^ju^i j\ a^___Jb j_Vi ^ t^-bLU- (*) 

_t L_l_ o-^ 1-— * (jSJj -3j___JLI ol j j_JI _Ji i;___JL. a^l____lt _.LU_JI jU_j UU 
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4(1*1*11 tUUt 


4J___^| ^ j^o-JI jl5T - -jj_jilj <jj j^jJb^j^ 
r LAl <__] r oJESU J-^JI _J uru *-&Jj .JUi«,Vl <ji JUJutJI <jc ^Lk? 
vj W^J ^4^t uy^\ SjM_, ^iil jSJI ^Lj^ <jt ju V 

e-Aj ^lj^ 4^ ^Jj Vj_->j r jJuil jj^UI L_»jf jj^j . D _CA« 
LJk* 4__i_ jjj -_l__Ij '(Jjj-uaJI ^jjjU! oLLj^ ^ __.,iv„ f ,i„, 

Ok-y • ^ » LS _ I V J— -J jj_ 4*__«,1 j 3 >*___ 1_ JUI jj> 
4j-*U ____>_ 1914 ^UJI 4jIjl> _J .^M^l 45j*j jljjl j____i _U 

iy ^L^aj _i____j 4i ^ tf jjj ^ o^j-* 

L_ 2 _J 4Jjj_j 4ui_ ^j^ 4JL___j 4jj _jj_. j _lj <__£" -_1 . __J_ * 

4- ^L_J cdjlj <u___,| j_uL L£i <<^;« 1j__j) l j y, ...~.\ \^ j$ 

b • Pdjl->1 ^Lo*'j jT u-D^t oUwl jj ^ L_J| <jj_ <> c_*JI 4-^ 
u- Odj-^lj 4-__,_JI <__ Jljj V <jlSj) jj__j_ _,L ^l^Lj^ JLwU jjj 

f-CjJt c^J .C-SjJI &a 3j__J _jj_v> j|j J_J| 4j_> >_ <j____.|j .(j^l 

5- JLJI <_ij_xJ1 J|>_L 3_uU„ _JjU_jJI c_l_> j^j) ^j^JI VJ ,y t ^ 
_L_ 4Jo___JL fc_T 4_>.j cJKj t 1j_l>_j 4Uju j>, JT r li .(____* | 

«3>£_1 ^jjjlII > ^jJl . 1916 ^LJI _jl>J| ___jJI Ul, 
*_jU__1 ^ *UJ1 jj, J___ t j_____;U <__ ,.,„->_« JiAj <>>_. L^j 

_U-J f*j>Lll Jj>wII <____ J>u__-J| 4__>>_ <J __^_ 4_JiKxu : ^ 

,*-^L (jVl Lij^ - ^ULj^ ^ 4jjJkJ| ^LjoilJ ^^Ji^ 
oJI jJ^j ,Lj^| r \^\ (j^LJI 4^1 j^ll 0 ^ ".ij .jj, jJui 
J**X1 j^lj «4JU1 ^Ija^I ^ju tjc 3 j_u^i jf ajj^L ciljLjj r L_JilJ 
. S jjj^JI ^jJljSJI a^UJI jiaVl 4^U ^ Jii* jf >Lb« L^t 
4jjjJ1 ^Lj^L. Lj« 4^ jjj i(JJJ _ ij| ^Ly^* ^ 
cJj^l UjJ^j .^jjJI jLL_^iVI 2L*ji 4SLU1 J^l Jju^JI 4JlSUjj 

jiiJi jjj jjU 4jJI!ji a_aujt j_»ji ^ <_JjU_jji 2l.uVi oijjji 

JJJ-JI j^ VJ-* -tU-U <4jjjJ| 4*L.Vl ^ ^jLJI Jj_«. 4jJ15Lc| ^ 

Ih^ j-^^1 ja J^ ^ j_J|) jj^ £j 4JjI J^cj . ULLjjj^jj 
jJjJ Lc_ _jj->JI juuj .^L, tx ^M Ijl .V,,„n (1975 ^bJI ^ Jjj. 
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l*MfcjU 


-LpL* — (jKj <2LjJJ-J1 ^UaU <nt l _U1j__-__iVI jjj 

4,„, M.^it *L>j_1 c_jjjVl *>~*N J-*H> <CERN 4__-_j~ ^ 
j^^T4Jbt4Lol>j*1962 (--— *JI j*»*>» 18 J± 4-t_Jl1 4_Ijj . Ij-_j>_ 

.<j_i_$_jj_c j_$*jl Ijj— » 

^l Jl.^tl CjLUc j 3j jJI (j£. jjj ^ij^ U— • A? J>*^ _J— — * 6-° oi 
, ,< - f U <t1 ^U&I hjt «Gt u>aJI -Lujj--— _. <ya 4jJ_c _tj_ 
j-_w_L_c l cjL^j-4 (jjjSJi (j_*j Juft_2j_»-_— I <j— u IjUj 

tCJ JLJI j.^t t ^ >^<^;t a.^stl ^jl^ c^j^ _t juj . JcU-j V 
^jjJ Sj jJI JiL l_-_U> 4i^l>o 6^1 **W-^1 *W*jSJ <>j-- (_** 
LL.Lt ___3_j <«l jUI ^ c—JI SjyJL^Jt <<_1j_1 * Ljjis U. cJ_j c__j_: 

,SLa_u_j>JI ^ljj^-JuoJl (>» IjuJ^ UU 

cJj^ y^JI 2t_1jJ1 l__jjjl-JIj oljL__JLl 0-4 j-s-CJi L.L. L_Ll- im 
,jjj <4-*«JLl _ULu_.^1 <j-_j Jj^Uj" U__jt LLpJj i3jjj_-_ t_jjjj 
^ 4*41 4_Jl_JI Sj__~l -^ 1 *j— — J1 _1j£<j- L— 3 ^L__t ___K 
^Lj-uJI _-wLJI ^jS UjlLc * 1924 ^L-jJI J& ___»_; ^c-ulj—l *__j^ 
^jJ ^Ijj^j-U 4__>.jj-L? (___• (1987 - 1892) Mjjj-» l$jJ <— --jj_1 

^ (1925 f UJ1 <_a 3jj_Ulj) <jj*jj--t 
LUS ( _U.jJLl L> -i_--_I ^_ W___j -L_jj_JVI J_ 6-4 a_pUl 
<jtfj ._jU_>JI <J -iL_--t ^ ..i .UU ojj^-l -UjJ.1 ___- Ui_ 
^ U K j|) *Lji_1 0' t^i o- — 11 ^ 6- !>»■—* 

43j___,t <jt L__J-^f .(J_m ,.,t _Jij (4_-_-jj_t f-__ <j_->. j-**JI <> qp!lA_J1 

_JjJ ;2lJU_JI 4jLp- ^ L-UjJLj.- IjL_ __L (jl c_-*j_— 1 ^lj-3_ u j S -M 
jj__J1 Ju__ 1909 f UJ1 ^ jjjjj — *— 1 l-l^ ^-b- 1 1> ^y—^ 
r ai. ^l j-tj^l 2UUJI t-ij_»Jt ^LJIj *A_uT V.j j-j-i c> *LjjVJI 
Ci__jJI j__»? Lu2j 4_Jj . Jijj -jj 4_t_ij-j *4j_.t ^L_^l_; L_vLul 
U_4 4 3jjJ1 (jjj U (^JI 4-j_uiU_! Sj-aLl Sj-u-aj «ujJ _Jj ^ jJI j-jU-JI 
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ai^— - cr T J Vi 4Uj_J _j__i jjus^ . 1929 r UJI jjj. _j_u <l_____] 

f b J < Aj j 5j — ,_Ua ^ jU_ U_Jj <_U1_'_ t _ 1«__.Lll_» JL1£.4jU1J 

.^UJI 

Ui__ _____*_) *j__J1 t_|j£ ___ (j_J_j (j*_J_L_ (>lSJ>>J- Jj___l 

^ *1 ^ ^JWll <jf l>- ^\ *_Ljjj_JI |j__L__a u _| (> 

drj-iJ-LUI <j_aiU _;j__*.) ^ JjLuJI ^ Lu__JI .(jUttl 1 Juk <> ^U 
'* ■!. ' ^A 1 lV l>--^jI L«_____| juiia _;j__ _| 4J_UJt1 L_«f .E= hv 
4JVj_J LbL___ r , iv, „n m>jJI ,p) a j_j_JI 3-_> <_£j j____ 
(*j_Jl 4_j*_ >j x) Ujj _jj_j ^l 4_vj-__J1 J\ 4, , H ;tL (4Jb_JI ___ 
1_j_j__>L_ Lw ____L_U _*_U ^jjj j_ ___>jj .E= pc U_, SjJjiLI _L_J|j 
^^Lii-jj^SJI £U___}U <_>_JJ jj_J( <jj j-^j . hv= pc, Or p= hv/c 

_Jj_j _-lJj-4 (1 j_____ ^ jUJI j^-iu^UI <__ J---JL 5jL_ 4JJ jj .v. ^ jJI) 

ui H»j_uu ^jjJ^iL J___J jl . 1 = h p of c-^Ij---»oL--1 = v/c 

(Jj -_jt- ^jL_j (^u-UJ <_»jJU JjkJI ^ 4jjj___a «,«*_*>> 2i_> 

**j*--Uj-sVl JU^ (j^ 3j^ 5j___ 1924 ^UJI Jjl__i3j__yi *_j._h__3 
I j_w 4jjJ__J| _Uj____»J| ___ L__jf jukli VtfiT Jj c__>_ (ijjj jj (j__Jj 
_*>. SjjJI £_j«_ |jj__u ___>j _j_ J_ L___j__t_j ._Ljj_JVI L_,j____ 

Jj_- L__J (jL__j <L__f «CiljljJI» Jj_* Lp^^l^J^ U-U^_L_:jj__J_l 
SjjJI <> CiLjjuSjyi 4_.__J 4_J___LI _Uj_4l (jj J_j .4jj_ 4___j 
U^j- l£>*t> U->-Ll 'CiUjll *j^J 4___- 4-l_»J ___| jj <JjL___i 

<3_4j_J j£\ oljljjl J___ 4_> — j_q — _J.| <jfj t 4_l_U <j_s £ju_ jlljl jjj 

_;j_-Vl UI__-!^j_u4^jXI J-j-^j^Lijjlj^^LU-l 
_L^Vjjjj_*j4_.jj__f_____cij — _JLI u^^j.U^o^Dj-Sl> 
^aP-^I 4_.jj_Vl ^j^j ,4i_ |j_. ,1)} >__ju, (1946 - 1872) 

.^Lj 4_iJ__ Jj_« ^ ^f jA U «>j__j JjJLu, J__ 1^1 J_3 ^jj) 

4_b! ^L_l (__ J___ Uj_x.j ^Ijj_.jJ| a^jjji. (jjju jj J_____ 

4_L_ 4-JjLU L__j 4_f V Uf , 4jj__ jUi.1 (jSUj l_o_ ^UAJI (jL_wVI 

4^1 J__« j^_ ^ ^,.^ _Ljj__J>LJ 4^ jll J| j_Vl ojS- oT ctSMi 
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LVp4 cjrOiil^ jrujj^i J}U Cyc <S3J-t J-> J*^ ^J '^iJ^ 

(1958 - 1881) oj ...*b Ul j^4 sj-^Ij) 1927 f L*JI ^ 
UI^I^>Vtj 4 3jL*ULl oLVjJI^(1971 - 1896)^^>l-Jj 
(jj^jSj <j>uu3sb -(ij^j^ (1975 - 1892) oj^jj £jj** 
^j-o. <jSJj i 1937 f UjJI <>c J^ 5 J-^ 
c*JI jj-u<VL 2b>j*UI ^j^-l UjJLc: «lU^» LJUa JljjV <jl£ ^ w- 1 ' u&i 
2UjiaJLl Jjjj Sj— jU <U«* <jt 1 J— ^ ^ £*J *UJ— t 4 
^ J^l^ .^ujIjSJI (JU. 4jIj£. j>H ^ (jjl 'uj^j 2 ^JJ^ 

^jLt £jj^ Ji^j.^Uj-uO. ^Lijj^Uyi ol Cr^ 4jiA>J SjjUJI ^ 

, v ij^ ju u^ o^j -^W-jh ^^jpsjyi 0 i *>*M 

oLjjjAJI jja-j U LjUjj djjl»j U <jl£ cn^Jt <-^-b cs^J 

«(1962- 1892)0*1^ j^jT^ljUJi4jUi^jj^jLJI <jL*>JI Ubjlj* 
^ Ujl*j (*j t(> -jjJ (jUu < 0 U; .% 4UaU >*Vl Jjl J**j <jl£ i£ jJI 

| (jt 1923 2uUj ^ j_£Ij ; Sj jJI Jib oUjj^jyi o_* 
.ol,, ,, l? ,tt ^J^ 1 V^ u-L^! VJ ^j__^ij (j^u V 
^ >l VBu jl^jj.1927 ^uJI^Jaj^SjSU^diJjJjU-J^j 

^Ujj^jy t ^ju ^ jjt j_^t ,jU*ji t j-A (j! ,«111 jSJt <juj ^jj^ji ^j-uut 

(^^llu^j 2Uj* ^^^UUjj^JI ^Uiyt (jf c*AJ o Uj.. . > UjLa^L 

(jt cjL^ J**^ tAiw j-> f W t*- Jfc ^ 1 -— ^ j* J**J' ' j-*J ' ^'j 
UiU* LJ <Jj5j U al IoUjJLI ^JjUi w£ll ...1 <jf L^jI (jSU, oLjj^J)?! 

| jJojj .a^JjjJll fU .n^.11 - JUjJW iiuJa 4J «^tp-i J£» d^if±HJ^ 

juj u uu ^jJI ^jj^ji i jlc Uj^) ai^JL» ajVi> ^Jt (jT 
^jjjoWJ jrji jJt (>ab aj^ uj ...a oUjjjiJi c^j <ju 

i(jr >.jXI j-jUaJI j! *«<U>.j*»<j!— ^ JhH^ LiljjU lIuLj <j^i *J— ^J 

Ijls. j-tUe^^^^t^JLSSj^jlc^ujt <LdJLx*j<_J^ <^jU ^(^^-^ J^J 

(jjSLl UjJLc Vj 2U^a (jjSa V 4a>.jJLI 3 «nkH (jlj .dJaoj <jl«J V c1l_i*j 
dJj>L C*jIj Jla 4,^i (WjL3»JI j*j (2L*jjUt CjIjl^jJI ^) U 
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tlttit 


cSjJI ^^J\ - a^U 4^L£J ^jXI ^UJI 0 f |iA ^ .4^ J5»f jf 
UU 4JU^ ^ V ^A>-J! ^ji^l Jjia uj^ "c^ U^o^l^ Ijjli 
dljL-u, lJl^j jj^ }UU Ji« 4XJj t <Ul£J1 oljjJI ^jM 3, . , 

lJu^j ijju- jik^ j^ u— u ojiy .*=iUjpxaij oUjjj^ji 

J*t V «jL I j-A Uj^ijj . jt oljjJI Jib oUjjj£JVI ^tji ... 

^LpJI ^ ^ «ojLH^y I» 2LaU r jv. 0 f 

jA 4UL U J£ «jU ^ ^j .,Ljfj ^f V Liij^ 4jj -^t j- 

<4jL^ 4^ LJjG ^l - ajl^LjM ^UUI - oVjLudl . « t a-X | 
M UUwTj 4^jXL 4^if UL^t JUliUI cJsjjJiJI ^ oujjjSjyi 
<jt J^ Jm>. ^ljiJI Kji K ^ ^Js oju» U Ijujl^J ja I jlaj --^M .t 

*C^Jt>^ J- 1 4^jjJof jj^ ( n>j 

Oujjjs^u i^jti ^iiatj jJu^i o^ji 
&Vjj3Styi ^ljSN ^ Lc JjUj ^ g ,,„,yi 

^JjL-o.L^L.j^iJI Lu*^_Jx. J*K^^bj E jjj^i|jb*L^l^l 
jj4_uiJ| J>U (jruj^ Jj *3jbvtj Sj^ ojl*j joJ oljjJI Jib oLJjjjSJV! 
t^lc/i^j-^Sj^L^jL-^l ^jJI.^jjjjj jKjitj 
J^uKc^l ^l^l-l^^jj^^^jL^t.L^i^ 
e-Lc J*1£JL (^^Uu Uoj*i ojjsI^Ij ^jjjj ^ ^Lj-iiJJ t jW cJIjuSj 
5j jJI jjj U *Ljaia (JUJ Jitll ^aju jUlJ 4jL jjui, jj ^SjIj .oUjJLI 
. ^j* 4J_U« JS* j^j cbjJU ^ *>u» ^ cdJ 3 j ,„« jy^ s^iil 
v>£- js^A» «uju^ J 926 f UJI ^ ojL^jJ ^ u ^SJj 
t/ aJlj .oljjJI Ji*b oujj_&J)H i_Jjl___, , rt, nJ j_U J*^ ^Lj ^j^ 
45LLJI ^ji^ ^ ^ljUI ^ojm.-hI I j^UI ^jjkj^ j^JU^jj 
- !901) j^j^^uVt ^ | jj> J^p^tj .ji.T^j.^^l 

O-^U ^Aj «^ABjc 4_«U 4J *>Uj jjiJt JLc 4_^uj ^ JL-Jt j {1976 

U^ 4iiJjj ( (1980 - 1907) objji Jl^Lj (1970 - 1882) ^ 
oj^uJj .(1984 - 1902) dl\jjj> jjj ^UJI ^LLjjJI ,L>^ij| ^ju 
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1*11 


Mjl ... Lfc - l.~A ^t a-^LJJ Jj* 

D t -^jtj (is ^ <_J_J 4L_; <__1 j- v>J-i) olj jJI J_-L _^jj__J)M 
U^ju ' ^j^ - M <L±--it --- J^ 1 - 1 o*--^ oo*-^ -w- 11 <> 

L *- * .... ^^23 «j^jLp-t ^ O&i ^ W^k; ulpiU ^? 1 -^ 
J^j .4_L_U jJu V O^UJt tA^I 0 tj otj_* jl^JL r t JL-SJL 
^(^^^ 31 -^^^^^^^)^^^ ,J — * L^^j-A J- 

1927 r UJI JjUj <_t J.1 ,V,tt <> 4_^_UI 4*jlt *j_* jU> Ju^j 

^plt 4^u_»LjJI £_L_Jt jL-uiJ uruSL^t c^LU j*1j2 
.o_jj__J?l Ju <j~ 2U_1j_J1 -jULSJI -J jJL__ c_jL__- j__ L**l j___-_-1 
♦ 4a*wu^:>- U^jJlt 4-J___.L» J*_J1 t j___jj-__. J-*<<*^t^Ij 
_^j1j_J1 ^ljJJ 4^jJLl 4JL__11 oW ^ -* ,J — cr- l£J- ^ H^J O^J 
Lu_ Jji- «jt LU <jt- <jjj) i*^f-' <> 

f U_-J ^j_Jb 3_jjl___I 41 l _.c^j ^jJLI l-.nK.t , l -^i <jL__ 
4J J£- V j_-Ij J_-J oU^j 4_>L_-_u L^i .(<_-1j-Jt <*JLJ * .S.S-t t 
r . -. r t 1 _JjJL_- .'11 ,«.1 <jt o^J '^J^ ^ 

JSJ «^n.^tl «-__,! » <j-* OJ^ o-- a » JtjV*J **-^J-* J-^ LJL-Jj 
«^U-ljJU ^-U-JI j^UL, f IjiWI * ___*> LljUlj . ___Jj . 1 j__- 
oljV_Jt U-t J"** Ui* 3*** <^tj_J1 &J£*~ ui Jj-^j 
1_L V <<_• <>j mjL*- 11 -^J 5 tr- 1 

J( j\_-Jl f JU_ IJU*J _^»j-?-» 

sj,} j_ji u-Utt <j_J j <^tj_Ji **_>--- t*^-* r 

Jaajjjj .(jwJI t-jJ4J __jj-JLt j^— -Jt *U±~ t-A L_k U____a__u 

Jj_3j t\vave- particles duality ^ ^..^Jl - ^jll 4-uL_JI 5j__u 1 j_* 

a^j ^jJit ^tjSJt ^ij^ ^ uijjt oi ^ 

jj_> L5L-JL- _i.j_-lj_-dj ( >4-jL» L^ Laj-,j^ <j_-^ V ( 4_j_*JI 
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( t_»Uif_L___1 


*j-_> <j\ 4-uIj 1 — 4 jAj ,_d_}Li c_utj p_«-J Jj U"<a) un-SjJI j-JLC <j a 

J-i-M (__JLc Jl__|j -Uj_5 -_up_ (j_, ( | ____>. Uilua «-jU-jJLt J--__aj_^ jL__V_M 
JujlZ 4Sj <___lj UK . 4 ajiU I ^j-ouU oJjljLoll *u_-*_-_U ^j—jjuk (j_- 
JJ-*-« r,..nt La 3Jt — _<_tlj .jJv.VI l__j___I1 JU_i2j 4_jJ e-L- *<>-_ jJaJI Ji_-| 

Jjb_Ji Uj_i__ ^l jSJI ^J[*i L1 jl____| <t ,. ,„j j^UJI ^LaJI jl^ 
4___a- Lupa L» ojlm^I j-^j^c^LS JjL*- jj iJLi*-? iLupa <*l)jj t _L__L_i 

^ljS^I^Lti 0 j^LA-o 4 .A i „ L_gf ->JL_t>j , 4l__j_>. 4_l-S j_Lt_Li_ 4____}j 4jl3 J 

Vj jlSUI <___a Jj_VJX ljLJjL>J (jj| «C_- JJU V» 4 ...^ (jjj__-JVI (jlil L_UjJj 

<jr* 4 » i rtij cTj^J 1 -* <--Jj t>C J-^-J * JL>*lj c_-_j <___> 4_*_u |JL)J_>J <jjj (__]j 
U-* '^J-*-* U? gjU-iMU ^ J-fl j| 1927 ^L*JI <___! 5 jJ-i_JU c-_sej 4_3jj 

»«4jLt_9l_U J-U J_l__L»J1 Jjull C_*J_w 

(JLJI L$j J^-j <___Jl 4-ijjj__U Lu_u5 j LiL JIoj I j__> <jf --Uj Juu cthPj 

itj^JajJI j.jLC Ijll- (j-a 4j|ju <<_Ij|j_-]| KmKm -j J< t^-M 0 < v ,*>..-., 

j___>L_c LuSUj _dl j -_-j . LLa Ijla <y_ 0 __ji t _ (jJ Lul (> ^jJI ^ 
4___L>JI ^Lj^Sjyi ,US , w -| V I jU >J SjjjJL <j__iJI r Jlc Ijlu» SjSi 

* 1 Lt^ ---Jj J*-" U^ t-^L» <jlS (jjj (____-, t SjjJI 5lj_ <___* La 3 jJL-j 

OjLH^yi ui * J^(-JI t-— II 4jjjj\U 4S>- 5jj__5 (^oJj olj_i_JI (j__4 
j-uuu 4jL__J 3_1_L*_- 4jSj->. 4-UiS' <jj_Su 51 J-JI Jj_w 0j| JL4 (> JJJLJ (^JL-JI 
4_;j_>J| 4_uif 4jjLu (jL-u (jjJLJI j .JLC 4JLs- (j^ L_UjJ *jljLtl <j-i»lj_- 

Cjr^ JJJJ ^JJ-^l • j— -> cr-" * U-^ja <___! 0 j__i (jf J__j V C ___t__jJL1 - 

jja 4-1 - 4j___>j^i (__]] 4j ,„;T L o^oj j»JLc -JLIa <j[& La (jLSL_- ^ ojl jl__« 
^J^UJ^O^U^J^^I^J--» «JLic J^ jIjII c -— a jJ-> JLa-t jLLc 0 j <j 
5lj_J1 (j3 Jc-__- U I j| (jSJj .(2jj___J1 ojJt cli jjT I j| jl jlLI Jj_w 3j_____LU 

(jlii cJJj_r .Slj-JI jc_*_- *jj_i_ (_;__ - 3JUJ (I, 4_»JLj 4j____j_a JJLs-lj (__3j_____» 

0_L^j^(j_^^f^4_^ ^^J?^ IjJa. LaU- Wuy. 4-->- 4-l<_C 
I_u-^j_,V|(^j_^Ic--__^ ^JLC tjulLiJL^I |j_. U J jj 

4_j_l_L_ 4^jl £_____ V c_-jj_j |j_v 5j-«-__ SljjJI (jl Jjlu (j? cJJ (jLa ijjtJLll 

(> _j^.j^ ^SMll -J---JI LUl____, Ijjj .(Uii.1- jl jSI ,„>U U jj___JL 
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ot w Li^-s» r OJ js\ jii j ojLP^y **** J^ 1 ^ 

J>Lvj Oju <y* o& u >- 5 J ■> J^ UJL^^ J 1 ^ J---^ 
3j>»-J-« oljjJI jjSjIj £*) Ot jjJl f L»-1 ub 'Oy^^ f ^ ^^"^ 
.^<ujIj£JI KjtKjt <^_uJ1 ^Jlc Ijujo L-JJobj (ll4_£*5_> 

jjj-SaYlO-^L*^-*' 1 -* 

* ^jJl 4o*i*J1 oUjiiJI Jju ij%a\£ q\ J__ ^'^J O^ ^ O^ 

c.tU^I ^l i_l j_~Vl ^^Ajjj jjju y-SJ <jj3A\ oLJjj—j^ < *i«vr, « 
4_JLUJ| t-jj^JI a r: r> ^ijAi o* ^yaUtl _-suJl i_>U^ u U*-^ ^ 
<yj j) . OljJJ^- g\t ",nj (jljjlaj _>-». ^ J^ O^i ' 

.OjjOSjy I otAl 4jA dJljjj j— _j 1927 r UJI 

2UJS15I CjJu t4juaL>JI 3^ 4jjJ_j Jajj _ J*_JL Q.> cr^'i 

t 4 -.i : ^ OjL)"-^' 'gj^ 1 er- 1 ! -U--^ J-"- 51 

^ j! <o>L>. L*J 4l>UX! ot * Jj___1 jj_J ops 1 j-> ^ .iU j „ , ^ 1 

^ il . O^U UJ ^l X 2 = 4 4U, nntl 4jj_Jt1 JU^LJl» £--_Vl 

J^»^i1iUoSJj.-2=sX jfX=2ot Ul 4l**uu}\ 4JUJI ,ju>J1« 

U-u_>- ' J 4jf JJU) S_JI jjj 3JjU>4 4 m.mIL |jU_*J JL&Vl u i 1 « «H 

,jj__j c_oui ^«----i jaj ^>i*j y iOips^^ 4j__uu o^ijiJi 4_j 

1jl_ J_*j ot Vjt U£J1 jJj JjU. .4_JLmi HstA 0- Vjb 4j3.j* 4_*_i <__. 
JUJ1 4juu_u 4J oSUj <4j^jj» 4'-*'" }U_ 4J ^jJI OjHJLH^ _yU_« J»JI 

Negative «LJU« Ujj-CJJ» Oj^» O^ 6- u -_ Ijluu 4jj_*j Uv» **>j-u£ *U_> 
0T<>-(4-___ JIj^I^o^» e») 1931 fUJI j_^j. (#) Eiect!*on 
Ojj_CJyi 2_- 4J JjUJI ^ _«jjju» jjlL fi>»y jj^jj LUe L_j 4jjUJ1 

U lj| 4i! OtH 3 <J-»UJL1 cLju Ju> juuj . ajjj-jj» 4iat_, 4J O^J ^ "'^ 
(jS^I! o-» ol^ (4J-___1 UU 4___l o-» ^JJi Jl^) *=»J-'jH 
^LS *E = mc 2 0c1«5ujT 4J^U* ^ JU_I <ys <C> _UJI ^J) UJj^* 

Jj__i V 4S__I 0? ukjjuj .i-JL__ OJLH&L? ^ 1 - OJLH^I '(^— ^ 
. L*.^. oL_u U. (jUUj .V-- "—-5- *e OJLW <i ^ 1 — 11 OA^ 1 (*) 
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4J*AJ1 j___>J _*jiv ^ u_J_ w _ 'U^JLH^! t^I Vi p: — 
_y*tj-*-l jL_ v- L - j - £jt) *j_j_ <j_jj .^u^^sLll 
.(4j_-jai ^ujL u____ ^ -__j>_ ^i) aj__ji i (c ___ij 


S_UI _L_u» -»>»*j 

Luj^ jl^ ^ ,(1991 - 1905) oj— Jjl^ul^ L_*jlu 
l__* J_X IjM jlj. J( 1933j 1932 Oth^^^^jW^L^^^^p-^^ilJ 

<jl (>j (3^*1? fJ . <jjj-J1 4j__»SU 4jL_,1jj ^Lul <___ 4_3t__JI t-o-j* ( *j~_ui>JI 

Cloud chamber WJJ1 4__9j_J1 ^ .» \^ ... U * uj^jjjjJI 

Jj__U ^jjj| £__VI 4j1*c J>U <>« 4jjj_JI 4-JjjJ -. ..-,1 ...t l 

-U _ <> (*£jj| ___- (j<_j t _J(jj_ L_ 0xHi3i^fj oipSJ! Cr*J uj^ 

-___>T ^jJI (<____ VI jaj ^jUI jLm (j| .4_oj! jJI ojj_-T cJ jj! U <jLj__ -« 
j! j-M Ujjjui ~-u_>lj ^Lja_Jt <*JL_ Lrtjrt-» Ujj_4 <j_> Uij *4__j LsjjjLrt 
.4Ll_JLI («CuljSJI <j_-lj_J ___l_U 5.UU _L__, 4J (w-o^JJ J_*j J£ 


3 JLj_H 3 JU JL_i SUjj-Jl SjjaJl 

er- (jJ>--^ UJ--I ciUuj>_i (___ iU^I oUl, ._-j_rVt j_-T £__j ___J L_j 
____« __lj *_j|jJ — <_. j — ___ j__j ^Ij^jJI _Jj jj_J _,f Lui_ t -^*__, jj__i« 
<-iL_j____ 1 _i_-__j __L ujlmjjJJI o-^ <-U- t-i . <jj— -Jl oLL>____c 

_jj! <jj* 4_LJj__ gj j ,, , ru J aJjU-4 (___ L_1 <«_ ,„>J 4_J_s-_ £_Uj Cj j_>| jjj 
*'j>f (Jlj^^O^ 4^ ULJ-^I t JLA Jla <jf ^jU-Ijj ._rtjjj__Jj ^ oLjjjjj 

-Jjj_L_ jju_4j .electrostatic repulsion w <j" '~ ■■■j j"<tyi ^LUI v .... ; 

<> £j-JI I JJt (j_T l_i 4jf 4j> L_j_< ,1921 ^UJI l_*j jJU, (j^il 4__Uajj 

_j|_ ^jS» Jj___j K i ,iU"fl (jjlj _,fj ju M_ t Itj--,^ L-JT pj - r f ^ij->UI 
JL*^i _^L_a<l (___> U_-^«(j)» L_l_jx 4js_xij __!] L___kj t «1j_v Sjujui 4___ 

4*j_il| oj_k Ja-iIjj j__Aljl_J| tf JL_ ^L__jj JLuu j? 4_L__v (j-a 2j_il U 

(( j>ljj_jjjj (j^-jjjjjj (>- <jj__j ^j—ll . L_Jf j-_Uj _J_. j^_-i (^ 

.1921 .923 __. ,42 1 5 t l____I( (#) 
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<j_ Cj1j£ U jJbjJ* ^ <--1 OL_Jj_t| J_ ^JLc " Sjrt^t l ^ JfU~i L_*J% 

SjlpJI Sjl»ju_ 3j_ 4_j . 2LUI — _■ 4^j-* 5 w , *•„ _j|j CiLijjjj-Jlj cjUjj-j-uJI 
|jl>. 5 j-u__J1 _j_>U_U ^-U Uj-uts ^ "jj^SJI 3j_JI j-a 4_L_j Sj_«- j_Uj 

J£ ___*jj ^yJj^JI j--L_J1 (^JLc l.UTi <j'j ^ ^ S J--' *ljj J--* Ifl1""ij cyJI 
3j_J1 LjjjL 4_JJJU» Sjill tf Juk CiTii^ j! t(j-_J 4.- -U (__}Lj <_S ^e,— <- 

,«3jl>JI 3jujl__. 3j_JU __a_ jl t 4___J1j 3j_«JI 3j-jj___ 4jjjiI1 
4jjj^SJI 3j_JI (yA Ija <_U js_u ^jS»! 3j_J1 ajub q\ J_j Uj^ <_»jUbIJ1 
tdiJj jj» jj_1j . Ij1j-2-«1 (ij-^l *->Ljjlt1 cr- UJ^JL* ^La jj*j J_^jj 1$ 
. ? 1Jjj.| 31 j-J1 j 3Jl>J1 3juj___ 3j_J1 er>>$-J1 j-A-_J1 Un 

2LJ_l_J1j 4o_^L_U1j 4jjj^_J1 (^j-JI (j_lc (^U 5jl>J1 3juJu_ 3j_J1 (j_Jj 
4jL_J 3j_J1 3jl>Ju_ UjJ .<_, M,<tt1 ^ujjJI jjjL- t"-* 5 ^ '(^M) 
.^jJLl 1 JLA <j_ Juul Lfc (j_*j jl <jSw4J Xi < j ^uln i 10~ 13 J__ JJJ__« o?_j» 

3j_U (j_: Ijj - 4j1_ (y» y__J1 Lj**>. 1*1 oLjjJJI 0 t ^ vj J-> 1jJb i 

.^it_o! (jj_J_o LAjjJu <->Lj-tl 0 [- Jl*jI ^JJba 3jL>JI 3JUJU_ 

j_j j*j Lp-U (> Uju^j (ji»l SjJlJI cjLjSU j_J Sjj».Vi 4_____ti 

(^jL J>__»l 4jLuu ^j-ujj .(jjj_-__J1 (jj_JI _jLi)j____ J}U 4joa_I Ojs_j 

Jj__jj UjjjSJI (3jj_J1 31jj UU_) 3jjJ1 jj-J-l 4j_ ^ jJlj 4 (Luj J>L_*j1) 
L-al ,Vi<1 jju .(ijjjJI JjJl>JI (> jjUJU j__ltJI (> 3ji (^l 4jU_1I J>U_v 
jl) Jj3_ jjjjjjj (jJ-- LU_ J_--j AjUaJI dl_ (jl L*__1j -ij-ol t(jjjjj^-' 

ijjuu LuL_G oLjjJjjJJI J*Jjj . (jjjj_JJj ujJjjJ (-ti (4__ij Jj^ j-_»Vl 

(^ ^i-jjjJo^^^j-b- 1 '^^-- Uj~-^*=4>» IM "i_LijJ_j» 

£x_jj L_? (jSUa jji. 1 jub (ji - _J_u f$ OjLHJi- 1 ' J>-1j» UJLp^yi JJ^-J^ 
(jl jA diJLaj U (jl .(<Jj-^ s^Li — (J_ 3j>U) (^ljSJI (j^LJI j»JX. Ijj^j LJ 
(^JLj jJlS ojjjjjj (jjj-S^! ~ ^ u^l ^J^ 'OJLHJ?^' ^Llo - 4J_C 

. J>L*jV1 ^_j* (j_ Ijuju ^l j_«>U ^^kJI 4_L_JL ojlP- j ) ? I JyjP 

4_jjJ_JI ^juuSljltl (j_ 1 Juju 4_j_^j jlkUI oJLpSJ^I jt(^j_JJ1 Jiuu 

Maximum (____-JI ^mtl J__» 4_L_JI j^ *Ll_C ^l J_>. (^U Ij-iLa I_j 
SjjjI_4 jlkii cr-' LiJi ••■ | r _JjL-_ (j_ UUj < nliVa I j-4.j . Value 
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J- ot J-**- -1 J^>UI _j .(UJl <<_-_!-■ 1 J>L*_ _1 2_U 

4j_U_J1 4jj £j_*J jl <jSUj 3lj_J1 j — 4 .JistA £jj £jL-- 4_ij_iJ_,1 Ol <ij i.i^tl 
4j__/Lj L j'»< _.d j£Jj (4_tU_J1 j_« J_| jj£ 4jj £ji-J jt jl i '-"V y*}\ 
UL_ 4ju_|j UJl ^nn-w L^Uscj (__I1 4_U_JI j| J--JL jjJl>.j .4J_»u_JI UU 
jj_jj iSljjJI j_« £j_J1 Iji^J 1 fl,„rt'> aaLkJ1 j^^y^^t JL>J1(__J) 1juj_4 « huW> 
Sljill jru 4_>L_J1 - 4J__JI __3 (jjUU 4^L___~ 4_ajjJ_J1 aJ^ 4_____LI 4_,__J1 

ajlLj.aioji^^LWI jj£s Ij^Jj- J3L*__1 juu 4__i__U SljJJIj 4_J__-Vl 
4__jI jIa jjlL __L_L_> <U 7fo L$J jj£_ jl jSLw 4_JUJI L__J| oUi_ia> j_Jj 

J___- L4J jSUjj A t<\<\ jJlscjj ULl 4_ lu! __Ljjj_ jV *<_U_ i jr) jui jjJb 

.__1SJ1 ^j^at^JLJ 4U_>1 — uu& 4_>U_JI ijji 4__j1jJ_c j_j_. 4 _-U»£ <jU>- j| 

angular momentum ^jljJt c-Sj-*- 1 f j--* 3 ' j 4_j_J1 4j_£ j! JiUL j— >jj 
&a ^jJt Jcj ( <__LJI J>L*_VI ^ jSJj .<____iyt J>L*j_l jL_,j___„ 

_} (SljilJ <_>_>L>. £jj jj» 4% ut j __Ujj__J^I 4_iL__J i__jjju» <_, <n«ll J__ jj^j 

J__u _1<_J (___>. 2Ujj_JI 4_.L_J1 jyc 4_l__ J_L (Tjj-JI <____ 2j_L_ jjuj L_^l 

j-4_M JJjJJ . J_ljJ1 J_-s_jJ jjJj- L_$j jjl-J jl jjj <j_j . j___JI <__!) 
cjjUsjJI jl Ijj i _jl .4_jU_JI *LL jjjUJ Jjji- ____. (_gjUn 4\jJU*J1 jtij LlA 

jj j ^iol l j>— Jt cjLJjj 4jl^j L__j__1j ^jjusI j_J j — Sjjj_JaJL i"i f U-L I 

OJLIJ .^rjLJI JjUtj^L jjlia jj j "<t VI CjLsLL j^a Jmi<i «<_jjL» jj__>.j 
Jji-jJI Lb 4r»-L_ V j_Jj i4jJU«J| 4J_»j_u*_a j_t£. L_aj| (_fj_-l _>-»lj-- 

. Jjd-sU-JI (___ 

(1958 - 1900) (^jj ^jUiJjj J_-u_jj 1930 r L_-JI 4jL^ ^....j 

^ jv_> _-__? ^JL, (^l ___JJ l__ jjtj ___J j . 1 * j ___j 2UU_j 4jjj __J) 

j_rsj__ji «J-tt (___ 4j| j_iJlu jl ____o 4_^«Laj (j_a jjj_uSJ 4_ojU-> 4__jjjJI 
(«-) OjMJj^b UJ^ 1 --)'! U_- pLjf-J1 j-3jjJ_L1 jLjuialll jU_L__>JI 
^-J jjjJjJ_JI jl j>_v jA___i iL^ — ui_j 4_ijjl_JL Uj — __^ Jjl-o jjJjiJI j_o 

jLu_b) « jujl>.)) | du.f> . jjj-jj ^j-JI jL_ I jl^Jj t(juu l_3 ___T1 j_j j_Lj 

4J 4JI — utj (___ (__Jjj JL_j .CjUjjkJU jva j — ii_j j_i (__jj_a joc 4 — j| j__ 

: 1930 jj.clujJ 4 (__> 4__jjja 
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_-_u_J ♦ ♦•3jjj — --M «LlIJ _, — ___5j ~>*-4 <__ — 1} <"> 1<^jj 
iJjS\ j (31 jJJI (___» L_u>_g_> S_ub-~ ĕuL*j — jj^-j 4_u__<j| 

tlu < ?tjU ^ £-3 (j^-4_> — - Jj-JJ ...<—>l — -JjJJ-L) L^-LcL—uuLiOJ 

<__LJ1 J>U_ VI 4JL~ <___. 4_4 <>l j__1 _>~_-__i _____ J___Jt1 

___3___- £jx_*_« < — il _- i:tJ j>Jj— — I (3-j _)JL> Jj-u <- <«wj 

/*\bj_i (jjj__-JV1j (jjjuj-uJI 
LaLc. <>l_t — __ jj_i (_pf (__Jjj 4j JL_ _£_dl (jjjjjoill (jL_ _ (_;j_-t 3jl — j_u 

__aU_JI _^ 2_l«_ J*_~ ^LC^L (jl (3jL__ £_ (j_3j <__J _1 JM^-^I y__a 

4_ujJ_ ___- jlj-Ul 3jJ__* <*M»jtj _-J,l (__-_- S?l J_-JI __JJ J___i 4_j_Tj_*Jl 
, _4__ 4_u_l 0_jjj_ jj_L_uj Ju J->- 

i3 <ij-irttll«LijjJJl3j_-tl 
Neutrino j_-jj_5j_4-_"I 

t-jjlUa 4_! ^yJjj (jJo _£ jJI ^ljjJI j-ut_ < f>> _SJ_a _-__ Jjb j__i_jj- 4jJ 

_;jjJJ1 fw — u_>JI ____ « jjjjjjj» ^-___1 Jj^-M fJ <-_*•*-- JM-~ _r- 4-t _L>JL 

._-JjJ 4-ft j___J _gjJ1 ^lm->J1 jj- j-L _£-_J (j- 1 L^i f^J <_JjjjL_o _OJ_~ (jjjJI 

1933 ^L-II __aj t«J____U Lcu <__i_3» 4_SL__a _)_»__ I _>__ <■ m<" jt c_j! (j_Jj 
___)jjL»(jw9 _Lflf j_3 (jl£j t (_Jjj3j__3 (1945 - 1901)(_4j_i_ j_jj_1 _____ 

*(> _T _jj__i e-li WJj_- J L^Jh! 5 J-~- cr*JJ- JJ^J • (jr-*- ->J^J UJLHJ^ ' 0^1 
_;jJ1j i3j_U J__jJ_v JL_tx j-utj J__u J>L*__M 4 jUr 3M__i <j_U_- < - » j~- 
3jjJL__JI 4jjj_J1 3j_J1 JjL_us) 4_uxi_aJ1 4jjj_JI 3j_JL <_U j JUu L-jjjus -_u_)l 

__-J1 3JL>J1 3juJ _L 3j_J1 __J| 4_jlu__VL 4_! <__j£ 4_wjj*j _>_» j__j .(4__l__J1 

3j_ L__ul j_vjj SljJJI Jib L-o __Ljjjjj_J1j _j_jjjj_JI <_] — t_U_ _yl_. (___jj 

(___ t^' (jj-~ (jl (j__4J 3j_JI d-U- (jt _-U- ~t__9jfj ._>_-.! 3jjj___ 4_-_u*__> 

*j_-T (^Ji f <ij 4_L__>yL (jjjuSJij jjjjjj (_-— Ji 4Jj_*jj jjjjj_j J}L__-jl 

jjjjjjj _y_*JJ (4jJI__jV1 (j-«) « j_JjJjjj)> ^__i1 4j_C (jLLl (jj____4 ja£. ^u--->- 
jj ( _i;j___J1 (JuLJI ____ ^fl___L_J1 (_Jjj -_^J jji; l_t^j (^ajjA _i-__1j .(joi--> 

.Pais; «Inward Bound» _v» (J _L__'_'I (#) 
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*L_f oLjj_SJV1 4_.__ _jLu_| 4_uj__ __J| £j_jj ^jAj L^Lr> Uij*_ ^jS 
e-«jj- <jL- «Ioa <> ^jJI _>j . uijUaJI ^ _£|j_ JSlJIj <<__LJI JM*iVI 
<u— J «j-uilu» 4_^*___ _jU_i 4^ <>jju ^jJI _ ^JI 4ijj J__>j! 

Uj___ij ( «^jJaiJ| J„fcj| ^ls ^jJLa» 4_jjJI Cnaij 4_L*j_1 <jt j_i__ 
<*_, Jj 1 Jj J___J >____/» >LJ j 4_jjJI r,ro j__ . 4-JLLaj} 2 ^ ^ .« 

jJ^Hjj-JI jl __jj 4jf j_i£ t 4jJ__ I _1 ji ,„11 ^ju _,__ c_U_-l ___!! Sj___J1 

<_jLL__-_*i. -_-_-_-« (__3 VI 3j___Ui *J___j j— *_b 4_t ___». , | J_>_ jjl 

J**JI I^JL-I^j^Sj^^^ 

<j_>L__jJI j_ jl j_w j_«_ J___1 ^LujjjjjJI «> L_L___ ,j! jj Jj__ .^^j^jjj^iJI 

4j > 'l .ihi jt j_Uj (^ jJI j_> J___J l^luaj jl_ <4j_jj_> 2: ... 3000 SM^t 
*<ik>— ' * J>-> (jric (j-aUajJI oljj oLjj 
4J jj__J ^jUIj _Uj ,, I ? J1 __L_j**_« J*SL jLj_jj_J| ajj___ (j| 
<>» OY^jy* j-«-> -4— f*jjJ1 SLpJl ^Lc <_<_ ^ _____* _M _JjJL___ SLaJjJ_ j£ 

^j__ij .oUjj__ij 1 __lijj.j ; jjj .oLJjjjjj (j_, a.yj^ oijjjl 3 .oij_ 

3j_>JI 3jjj____ 3j_JI jj_bj Lw ^M_3 oLjjjjaij oLjjjjj Sljitl 

^_JIj) 4_L*__J| 3j_UJ 4_*j1_ L^jA OJL__j jf ^LJI J}U_}U j<Uj <__J| 
4_*j_j £jUJ| __Jj L_J| oLu_> oYUJI (jiaju ^ __>U j^ j_Uj 

*s|j_ji _jU 4jL____, oLjjjSjyi JIojj .(slj___j a_a_,L j-«ij-. a ,t,_t 
-U__> L$J ^jj___, (jSJj 4 j ,,mU I „o jj^_J| ^jiUI j^Lo L^_« ^ 4_jI_ 

j-p_Jj.(«_u1j_1 *L_Jjj_3 J-ljiJj^j _L_J1 j^s 1 nt <i I jj£ -_Jlg_ _)L_J 
(jj__ LL_ .SjUI (j>» 4_*it_ J__ ____UJ tt __j| (jLLaj ^ t 4jj_UJ| 

(^^J^J 'UJLH^yb ^UJO-^^H-tj 'U>SJL^') CiUj ,„ r 4jujf JJL-_J 

^ fjb (I— fc> 4jj__UI antiparticle oUj „ <? j| ___* ^ Sj>L_) 
(4jj_L>JIj 4_Lo___JIj 3ju>JI Sjujl-_L _^j_J1 j , 3^ ^ nj j^JI ) 

<?J_>j_ _j_Uj ^c-— *- J-* jj mrt"t I JL_ ^rt^jj . t d 'J *.j jiCij 1 'A^ 
(—->JI («uJ^j —o^ (^l pj^JJI ,„1 |_U (> ^l J_j1 LL_|j_> 4ifl____jj 

J^UJI --IjjL Jj^ 42jjJo __J| (j^jjjj^JI 5LL__ jL_*_l (>j 4f L__l 

.«4j*_3»__>j_ 
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_^tj_3» 3^*5-1 _^Ui__1 
Quantum electrodynamics 

Lgj jjjj («Jl OjJ_*J1 JjUjJI »Lll-.»Lj i4jjjUJl *L_2_-L <*-J? 4nj^t l 

P(jr _i JS* (jU ,^1 __L__«__J1 J>U >* U_ -_.. }« >M I 4jjjJI *j_JI 

(cJ _«jj y~- : __Ljj_-_yi c& _->ul_jl j_,l_jl jih* _i_j ^>aji -uu 

d j__ -_-_i_Jj .^..nUUajj^SJI ^U-^Lj 3JL-..,, Atl 3L>.jj* __1 jjJI -.LjJjj 
4ia^ SjjJ^ Ujlj>l C__J jj ^l ^ljSJI --JlSUa (j^1j_Jc.>U__J1 
<jj--1 oLujJUjt (-9 l_J_j id_Ulj (_, '^UIltojj^SJI £_____V1) frj__JI q£- 
4jjj1 j_J1 4jjjjjSLJI K-wLijjJI (0-_L 43jjj_4 4jjJaJLtl oJJb C___jjl_4j (jjj__-JI 

.4j___l_JI oIjjJ__JI ->_>_ a.ulttl _jL)jJ__J1 jSsl UkJj *QED jt 

4_>t_ L^JL*____-1 4j_j1j_J1 4jjj^SJI -_^L_jjJ1 0* j— ^*j 

4jjJ__ J__>J- <j-> Jj!j .<J--*J (jC ^^tj (jj lrt i «n «J <j;j___-_, *___. 

^ J^j o^^l <1979 - 1906) ULj-jj jj—jiji - <>_- *-_UK 

<___ j 4jj_JI 4_JL_J1 <_jj »J1 * L_M ___ JJ-J-» <__ 4___-jj-sj 4j__u_ __Jj___> 

_*| Ujj__« 4l_C jj>J_J ^o-J _jLja__JI tfju- Ij-^J i5 J — "Ua L^L___-t 
L_A(j1__bj.(jJji-^1 (jjJuljJl _jL^I ^Cjj^lb^jJI 4-___-C__jJ1 (-- 

- 1918) jUy- jjU-jjj (1994 - 1918) jjlL^ l^j^ 
ULj-4jj(jj4 JS" J_>c . 1965 f L_*J Jjjj 3j_U ^_j>1_ {_____■ lj.( 1988 
-^i-LJ (jjui-ltl <___LjjJ1 j_-V1 4_t___j (j! (jSUj U jU_i <-_ j__jj-_j_j 
(jL_VI jl___I j ;((j^L___ (jjj-k. e-ll jjju jul__ 1 j__j) -Jlalij ^ljSJI 

<(jj--JI -_Ll_jj_____C __L_j__ jtla 4__L_J1 __ljL>_yi (____ j — _Luj JS_ — -_J 
JUC _i ._____*_. L**j<jl — oJj- j-J V< M .lj.-JljJ---1jL-»-j 4 — ___L__ij 

_j__(jf j_;_JLj__ j j_^j.4j1jlJ1(>^IjSJI K />!<_« j__b1 -oUJ ___JI 

- £j_Jjj_. (j;jj (j| Jj 23 Ulla LoLoj Uu_Ljj 4_-____l~ U. tj a -» . — -LJ.1 

L__>Lj 4_aK" a (jjjj __1j_J1 l__u_3LJ -JIjj-j j__jjj-_ij *(jl jjjc - jjjj 

3jj__> LujJ C-aljU t J-L-aU"JI _>_>jiJI U_ JLJjj V L_t J_u . 1 — 4*J_->- 

._^jj%j U J-j L_<L__-i 1 '_^*** 4__ -__4 4j_Ljj_) 
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4t_frt«J! *-_Wf 

'UpJWJ UJLP^! jt 'CAJJLp^! <J-~ njLj T.n a L)^ — (J--^ Ujlicj 

uyju-^i jl <j^j---J .oLjjj_JI (jVjLij cdJju U$j| jj---j <jl <j <<ij 

jl <jiUjj iOLjjjiJl j^jLujj < j — i»Vl ,>_>_ U4L9 J£ Ua ^JJtu (jl tj ^IJ 

4_c jJjjj j_J1 cjLjjj_JJ JjLjJI 1 j — & (jl . jljjl>. JjjJo 1] J< L__ j__1j 

-C^LjjJI _y» L<JjU Jn$-SJ (jjj_3 J-~ t^ymSLc ^JJjJ UJ-*^ <_LSj dljJJ j_)L_ 

3juju_j 4_uju_J1 (jpjjjjJI (jjjj-JI <jl U_ j-> jJL jjJl>. j . 4_£_1 jSJI SLuj^SJI 

4_LjjJ_JL <jjJj-_1 **J — oUf_->. JjLp <j_l — u*l <_1_. U^i^jx, <j__jj 3j_*Jl 

<-9 ULj — __v Lj| <— L>- ( -J — >_ ^jjj ^irtrt^ L_4j 4_uju_J1 3j aj|) lj 

*L_u*__J1 (-Jj^SJI JcUlII miJ *1j__1j Ujjaj M^-luJ 3j, n jULLLajj^SJ| 

3jjjL>JI(j!(jj^JI jj^^.^L^ld^^ >Ljli J^ISjl>JI 5_jj__3j_II<jS_j 

CjLjjj-I jj>J| <_« — uuj iOUjjjidJI JjLtJ (jj/L_u(| (__Ll LuojI IjA.y. _ij__ur 

«^jJI <(4_jj jUJI <__ ^l _«Vl 3 j_wj Jiu.1 _>_> jj-w <<u — __».) Graviton 

. Quantum gravity SLIiljSJI ^LjjUJJ _U_; _jj*j juu ^ 4j| ^ 

JjL>.(jji Uj__>L_. j^<jSUj Uj|j4al_i1j_J1 4jjj^SJ| ISL^LujJI 4_J _>SJj 

Magnetic sUu^LlUI 4J_j_1J1 5U-JLI j __j-SJ}U Sj_-| j 4jj_>_- _J| jJ__JI 
<> -JIjjj U^y; __JjVl 4JL__J1 (jl ^_jJL j_jjl>.j .^moment 

f&yd\ jLl>._t £__« 4jjj|jSJI ^jjjjjSJI LSLwLjjllI (jj II I oLijj_____ SljUS 

oIj_vjJI <__ujjL*_tl (jSJj 0.1 9__4a-JI (jL oLjj ^.luoUJI oj_- cjIj --jJ 
1.00115965221 i v Uj Dj y,<ty t _,,.. j^ tj 

I j-4 (jjUJj .j-p*Vl i^jJI <__ 4 Julj jl <j____L ojJA <jj_Lj |*JLC JU"cwI 

iSL^LjjJI (jl (jj-Ltl oULuMj (__9 *IjjU_JI *.U1c ^Jil ^-J--. j Uul£ LSjI ui 

4j5Uji a tjtrtti (jSJj .-_i*__ji j_jjUi ..." ajHijSJi a ^/ti 

JUo.1 ^x 1.001159652461^1^^^1 a—jjj^SJI .I^Ljj-J 
J£!j2ll j_xj Li_j . ^jjj-p-^l (jUd jJI ^ 20 julj jl jj_iiL ^j jls (j-jiL ^j___ 
j. Aj (jl jlicl U ja I j_*j ,2LUL <0.00000001 Ajj-j-JIj ^jjJ__JI ^ 

L>°J^?-^ CK^ L^l ^JJite* 6"° l-LuJLl (j-LS (^jLuU jjtj l.^Li^ jUaiS <lJI 
4jjJ__II (j*u 3 nj l U Jjl _)Vt ;__!>. 1 JJt j^Iajj .(jl__j| SjJui ojJ_) < *1 0 , » 

.ijj^iJlj ij^Jail! j^rjj Sjj^JI 5JU>J1 ijj-U,l 4iV Ojiici j«Jj '(jr>-j>^- Jlj~ \jJb (#) 


261 


. (j_-jVl ^Jo ui (_____ L_jtj_>.j |*J 4j^>o (^t ^JJ 4j ___JL 4jj_?__J|j 

(__jLj^i_JI ^JUll <__1jJ ut j (jl ^JLlLI (J-Uj <-_a^ £t__o jj Jjj__>I Jl__« 1 ju_j 

llLusj ^Jba ^l __Jj tilJ L-J ^-lojjj .4jjaj-JI L-jL-- 4_j_l (j"J« jj 4 i^C i lt j jJI 
2>_L_vL____U £_a 4jj__uJI 4jjL_U (___» (jjjjjj juJ-JLc. Jaa JU-j Ijj <jl jJLa (jVl 

. jtt ir-> ^y^lr t_jjj__,_j _Uj_»_J1j 

J-JjJlj <_>*_?;»jJLtl 9Jjrt*?Hltl 

^Jj- ^j^...,„^mH (jj__JI jj-s (jjliJI <-d — ua-JI JjLj- *L__j)_l_J1 eUic t <f. 

high energy events 4JUJI -jaLkJI __i1j_>.| ___s_jj sl jJt j1j__| j___« __>UU_. 

•«JLc (jX. ^J^-JjC J>L__ Ijji — ili^j (__lU-J-___fc_J 4ii^L__-, oLcj-c-j» (jrUJjjeJ — _«__ 

^UJI Ijl^J JjVl (jjltJLI ju__ J_iVl (_____) t SjjJI jjj L» cjUj 

(j_<J -__Jj_» I \ \ Cj\ jjjJjjjJlj tljLjJjjjJI JJ (jl^La^/L (jl (jL_Jj_>JI 

cjLL-T J jLj Ja_u 1 Dintt 4_C __Uio Quarks (j___j1 j£ L^m ___ -_»LL£ 

J-*-» V) (_A U -__lf__J1 aJUJ __ 4_jj_J1 5j_jJ| (jf 1jJ_>jj t CjLj_j__U 4__J_U-4 

JL_w|jJI (jj__JI ^JUa (____.j ,_____uJ1 L_ jjjLj 4JL_- <__- (J_*__.Vl _j__t1 _-j_$J ,JjJt\So 
aJJb (jl JU-U (^jJI -*_UI JjJjJL ^LjonJI ^Uic, (j-_ (jjj_u_i £__c_1 (jjj Mi«tlj 

oL-uJoJ cjUUo L_bjL___.L .4_>j (j_____l __!_. Igo^j jl (j_Uj «__>Uj ___*JI» 

(j__!j . 4j ju j 4JL_w ___! «j jj» 4-L->j I j-oc. (j___-_-j (___Jlj .Ul A;tl (j__cf 

jJujj 1( J____Jl 1 j__> J£ ^jjLj -___)___■ <jj» (j-C___- (_J-J 1 J_>. 1j_\j_- ___SjJ1 Jlj— jV 
CtljjJlj CjLjJJI (_^jl__vfl JLuC (j__L>J| _ij___JI 1 ju_ |4__-__i (jl ^JjLll _j_4 (jl __J 

LDLp- (_,!__ o>jj_j 4_J jJI J__cVl (jj" imLI (j^l (_;__>. JI>lV L^jl c__-p- - 

J_-___J1 (___i (j__jju l_.j_w U_) i(j-.L_- 4_vjj 4_J| 4-wl_v (___3 (j_*j U (jlj . 4_L4jaJI 
. L^jI j 3LpJl L^j J__*j ___J1 4_uj__JI j-u_-_j j_t i(__Jl_JI 

* ** 


i( _,jj__t_JI (jj-Ut ajl^j (^-S-dJ-j <a_ijJI _y> j_-JI |j__ (__!} I^LlII a_u_____II -jjJ_J j1j*i--I ^«-(^) 

(jJjjtj-UI ^w, mL 3jbj^j-LI 4jjL_..< Jl (»ljjk-SU Sjj__»jJJ _>_i1 j__JI (Ja -_tjj__ll _>-Ljj_ t 3£>--(j & 

(__i_. (jSJj ;3 jjj_r 3_ujj_s oIjj __> (j-jj^l ,jx. jl-jj (__ill j .binary pulsars -_ul__JI jl 3 TJ l;^ 

<_3jj_i (__fl *_JjL>J clj^>-l Jjj» 4 — <-_-> — --II _)-ijJ 4_t j-u- I jjla IjU-l J-*J 1 ju* jt (>» (*-VjJI 
.(j_sjVl -t_a__ (_____ J-ula (Ju-lj Ljjjs ^_S_«_JI j-Uj 
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14 


^jUI ^LLiJl _Uj c_^_j .^jSJI J£ 
ijj-— L*£j .^j*j»JI j U , a LjLjT cjUjISLLI 
*_(>-! J!u Sj^uLuJI r I^Vl .L-LTj u t 

4JjJj3 3Jau — _j Cj_Lj£ 3 ..^) ^ 3 ^tj ^ 
L£j . 3Jaj — _j (jrul j_ 


^ najn <Jj-j <j| tijliU fU__ «li^L 

<u__„ iblS ^ 1 t^_. l___J| v .,^ t 

jfj tL^JLacJ o— SUj fjfl_JI 2LaLs__. ^——i 
Al^JLw j--Uj 4JS' oj_SJI 
U " 1 _)j *-Lv ^ 2__" *4_|_> ^ (__Jj^ 
3 t>rnt <4_Lil!J| 3 j^jJJ 'M^j f U-:^ 
<jr— ■ -^N (j^Ij .4JoL_ojJ| SjljJ _ uruljS 


J_£>* 6-^ l— ZLvljJ <jj» 

J_« '(3 ." * t * <— — »- — u±XI 
61C c-JJ UsjJ- j___ 

4___ ^j^l <-_*** 

«<_ l_oL> (jjSJI 
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i<__Ljjj_>. __Jjjj tWT\ <j! Sjjl "h CjIj jJt L$-t_ (jj-*J _r--"l <-_)! ->LL-lIl 

Sjuj ii J1ju'- r (j_jl jJ_11 (jl ^iijJI — !__ <4J_C-<J,1 oLSjJJ _j — c (jl — a 

I^SjjIs ,jjz. ,^jM__ <jf (j-C^J _--JI 4____*JJ JjL_jJ1 .SJLC (__-c! - 4__LujJI 
Sj-jf_T ^Ijj! Juvjj (j! (j K, <tj --JJJ-J Jj-_> _Ju_ — <_jI — jjj->- (jjSjjj CjIj j — II 
j-^C (j>m jll 1^4>>« ) (JcLajj (jfj 3 Juajuc J£L_- CjI j ___>__>. S JuJ — _uj 

^-jJI SjjuLtl _j 4) (jL>u jl j ^jtn o _-__ l__jju L4_> Sl — ^pJlj . 4____U JjI — l_j 

tj_4> 1 Jljjj .4<ir <>>tl __l jjjj>JI (j-4 JuaJt-o £j_ (jjjS-J CjIj j — II L$J ^TlCo 

*U1 Jl« ,,.,t1 oL_jj->J1 .olj jJI juu 4_JL_1I ^-jJI £— « ^ 2 ^ 1 

4__j_>J_« £jj_*Jl __£) oLujjjJI Ijuj - ~ u j - Q~< *hj t_)jJj_JI JLj — (__jljj 
^_<c__J i*lj^»-l (jjoljj -_* \ \\*\*\ JLs- ( _ij_>.jJ1 £jL>> 4_u jt_>Jl J*-J Ij — _-_ 
LLqLij JL_- L^jLjjj£J| LaLu L^JU ____,j_u1 CjIjJj Jj <4 o V iMl <__< — ^ljSJI 

. j-j_*jJ1 <-q_%__j ^1j_*-? 

<__3j_j jJI J _*_!( j-wJlJ 2 <sj V SjLa 2_1_SJ ,J__i_tjJI ^ — «Jl (j| 

3 i,„ < ll ,uUL--4jj^-Jl i_£j--J 4 <il"->U (^jJUt <5J J_>u L^jju L_iC SLl>J1 4_JLc. 
\$i>m\ Oujjj>JI ijJLjuLu __ic ____)L_-_i (___II Sjjj^SJt (^jJill _)J »4jjjL>Jlj 
oLjj_»JI £_ij Jj->u __lll 4_u jL>J1 ^j-S (j-4 JLuol 3610 ^jjSI (___-> (j-iJUJ 
4___ <___ Lw CjljjJI (jjSu U_L_cj iSjUt 4j__> Ji_1_ jj^-jJI £jL>. tj — ___3 

SjuLst*» Sjj j£> (j V (_dJj *4JLat 4jj^5T 4Jbe — J, (jJLlA (jj-»u V SjLll (j_fl 

4_»-1 jj L^JlIc 1 jj-A>j_>. L^jI ju 4JL__ u-a (jj-Cj Sjj J_> (jL_t (__J jJ . I — -Uj-^ 

Sj_3 (jSJj ( QED 4u_j| j_CJ| 4_uj^_JI ___wl_ujJI Sj_5 JMi- (j_4 4__ujL>Jl 
J£C 4_jL__l j_« Jujj SjUI 4J__T (_-_i Sjj J_C _-___ 4a_i_1jJ| 4_ujUJI SJL---J1 
^_-_o- __iJ 4___J1 4_t_>_» (jf -Jijuuj . S_U1 4___> 4_uj ___» ^t.iu SjLj (jjSu Sj j 
i(4_j_J| 4_5__S_U) jJ___JI _____u l____Lo j-a <■ , , „1 m" 4j_uu3 ^L-i ^j ^jji^ 

(____. j 4jL_ __UjJ i,______SjJI -_4jj_JI (jjjLSJ L___j (j__-_Ju 4jj jL>JI 3j_) (jSJ 

4_u^_> ^jib -sJ__<_J1 (_____ 4_u jL>Jt ' ■■ S_UI 4J__T j___fl ' ^ -^*' _)-ul — -u| 
^>Lu UjlJ___ *54 __J (___* 36 (jj ctua- AjT 1_u_ _-_ul« ,Sj-_JI ___ill L___j 

4_U-i^JI L4J (jjSu 4__ujL>JI (jL_i iS_L>.1 j 4±_> (^ I ma CjIj jJI q a 5410 

. S Jl-aLI oLjjj_>J1 c <r_-Tu j 
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100 <__lj_ 10 ^ 4_J|JU f L___*_M ^ Jicj**^ uu LasT Ju*__Jj 
__JI _1j_ JIU 3j___ _l_ a_tf J_ 0 tj Jilij _j_ 1000j sjj 

S^^<«^UJ^^(jiH^lj^»lj-II fi i_> J1 (jt.iy.,!^ 3 !.____! 1 

<(---> e*-- oUp* <j_j-— Jlj £<L_JI ^,, 1? .H <jtj t j£_JI 

C_-«^Jlj fr ,L ~ Jt Lp-UI u->j_' (_*___, (JrU^kJlj yljJI 

oLjJI __« UjJj» 4___L_, 4_j_UJI L^WS _l jjJI jl ( _>_«____1 

fJ_oJ1 lj_ ___. L___u___jj . UjjLJI l„o „n 4ZJ_J| _Ujj_J)/| 

^ 0— « JjjJ-J1 ______ 4_uJL j ,7,.J1 Ji*j ,^ ^jjLAjUI 

L___j*-*_, ^ ojSMltlj £__-_JI (_^>J| (jjSj <_j__j j_?_JI j oljaJI 
A^pJI J___Vl <__ _,| Jj_| ^jSUjj t j_x,jJ^ U j_3 3 j___J LjL-c_ 
.4___j| 4jji__I| J_J| r L_«.tj j___JI J_ r U^f <jru La £_u L__a 
0^j1jjJjL__4_^„| j_UJI L_ JL>. Cr J|jjb___jJ|^UJ1 1j__*j 

___«_ ^L—it ^jUj -(jtAjj— Jl l_iU_V1 ju_ jj__| 4jjJ_ £__jj d J__.j 
lO^N ^Lh^ ^-UU_ _j_ j _l___J1 ojjtjs Lij__ Utjj __Jt SL_pJI 
er—jjjJI OjSUI -jJI 1( _jjJ1 _»j_, U£*J____p. }L_ j_at_;j____ __ 

l*jf JjJ-*-j LjJI (____ _)j_J| a_uL_ 4__ _T 3 jL_£VL jjj_*. ._L_j__J 

* l*-tj (( jjj___J| _j-Jt (> 2UI-JI _jj_I1 4__JI ^ 5LpJ1 ^L__ 

i JjJ_>J1 I J^^ JUJU_J1 ^J^CjtjLJ^C-ljSJI *ljj%}_4__ Jic 

_4d_--Jl t ^ J*L__JI _J__JI J__ _J ju L-t^^jJI^^JLi 

._jUL___VI 


6J_w__N<jj__H^jj^ JJjLIj 

1859 ^LJI <__ «_|j_ VI J__t» v __ j___ 4j_ J___i ^jji ___yi jju, 

<_-*JJ_JI ujU__VI J__jjJ_ <j__ jj__J1 4JU_ ^ , Uj__ Vj_- 

ij____ £__LJ1 oj-JI <j_ 4j_LJI Sj_J| -_» _Tjl> Sjuj_v 4_^_j - : ^t l ^- 
v Ij— -t __t J__ ._U_ J^ U __Jj Jj-^W^jjj-_,_JLJ_ ( j^ ( jlj 
^ ^jJlj *j__ __L__t ^UI t jjJ__J ^jj) j JJL? j| 3K A n ^ 
.(__L__yi_oL__JI L_^^t J^(jJj--^l^ 
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Sj_Jt Jj_ <jJ-_jU b—-— -* (oi^-h) O— iSu'- c>~ p^J-' er^ u— 
^Lj^LaJI *U_c 1 j_ _pJl <Llj__1 Sji» jL_- tjjU"H 2UjjLI1 4__il«sjJ1 
.£__jJ1 __)j„ ^ (jJJjl- C.« <>> J (l>-— jjjJ /<jj — __«jj j-LJj 4j_L_jj) 
JUijl 2LJI 1 j-*4aj 4jj__-L_-oj (jjjjl- ^J 'c^ 1 ^' '"H j 
^ ojjJU l:_-j .4j1jjJ1 4^1 (__.! 'er 1 — 1 Jj_»J1 J^ <jj» (J_-_jL-__hJ1 
.<jjj inttl (jj-dJI Sj__> JLSU VI i W\S 
( 1868 j-UJl <__!! oj* JjV 4_1 jjJI <j-_ oj-^ U-JJ ,J cP=L^ 
< ._ r .hfr ,,.Vt Jjtij _LjUJ1j CjLj1j_l>J1 j-Ju» 4jL_ ^L_i- <__i J— -- cr- 
i(>ajJ1 -JJj ^ Lo-jJjjjJ1 *l — *i_- (j-« (jjj-u^ j-j^dJ 4_3JjJ_> j- < ^ ' "^ J 
^il 4_i_ <3lUj . VUS1 ji^l^Jj^l ^(j^ljo^^J^ 1 

2UaU^ <_!| 3jL__:v_J *Pan 4_uUj_JI <%-, .(Pangenesis) « <>L_J1 (jjj--J1» 
3 j__ JUajj _-__$» i(Genesis) <j-_jj-_J1 ^ ^ <«>J 1 L}U- ^ 4_tli- <j_ 
cjUl_lo*j ^ <«" ^ mi-hII ^ 4j1_- JS(jl 4j j£_> c__j . j_l__1 
L^UJI l <jj"^"j p --^1 U1*-*j (gemmules _l — *aj>J1 La U <„ ) 
\ inrj .<_U_J1 Jj>J1 J\ J__J_J ^jjUI jljj^JI jl 2L.^jjjJ1 4 4jJL_uAJjJ1 
<_u_ ___!! j <(blending inheritance) -s_ j>X* *j1jj-1 2j-_ L__jj _i>*-i1 

(j_jU_k (jja Lfcjj^* J_Uj 4_jjjJ1 (jL^ *4jjj (jrt—1 jUoI j__c 4jI 

j_ 4__ (jJJjlj jJjL__ (jt (jrUjL>I1 jJ_ ^ 3_JL4 JJ-jJ J_J .(jJJJ^I 

sfj_~l ^Ul (jt i Jlltl (jUi_ ^j-. * !___> <__; t Sj__l a j_ jj_ ijj jJI 

(j_j Uu *j_>j .J__jZa Jj_ (jj_o 4^aL_1 j^j__ (jUjJ 4^»_J1 4Jbj_ 
J,»j___j i^yLjuJ—l L_tL__V1 (JJjJo (j— Jj U"U — L_UiVl <*4_1 j-a UUj 

^> JjU. (jjj___ ^jjJLl 4jIjjJI c_i1 jU iLjLtljjLI _1 j_^1 (j^j (jjUJI 
_;!j £_ljJ1 ^ 4___ (jjjjb (jl ji^jJL jjJl^-j .(jjjjLCLa j — _j JL_w! 
UU_ (jjjuuu L_^jJj-lJ1 *U1_ (j_ ^jl* (^l LJ ^-—>jj Sj__J1 ^j-a jl 

4j_JL>J1 aJJt p jj_ (——(Jjj (j__J .-Jl j-— J 4jIjjJJ -*__^5_u_J1 ^a-^—J 1 (j— -- 

j__"t ^jj «^t jjVl J_-T» 4J__I S j-j_01 (jjjjb c_U^I j-4 aj-.-.L.^I 

(j_-,p V jji_Jl (j? 4__«j___- ^-JU Ulu ^jUjLII cJu-^Jll ^U- j___ 
4jLl_JI ^y- Ujjjusm _--_Jl 4_u_»jJ1 CjI jJ_*J1 j 4 3J _J__ tJrJJteJ (j^ 
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ile-f,_ff 


ol i 4u5U ^ljj Ju) 4U__jJ| Jl___Vl ^tj.UJI M U_:yU JU_»Vl 

(jU_Vi ^ < , ,v , t- 0 t (> j-_4 <j_tj j_jji ^ ^ j^| 

4_.L_ ^jUUi^l JUt ^ ,(*) ^ ^ 

jjl-JI 0 t _JJ (1900-1827) ojLL^ DJ ^U ^ oSU j^tl ^Vl 

j_jji . j^ j^ ^ ^^jji ^ ^u oU_ 

U^ ^jUL j^jjs J__t ^ <j_j • <jjU ,_j__ _JJ Uj^__jj u t 
t_* JL>_j ^ J>a j| UjUJI 4x*aI j_j Uj__ L_*a*__ 

uU*j _j__ «ol o , ,,- .» ,__. ^j_»_ 4J_^LUI LjUJI U L 43jf_ ___ 

•<jW ij\ u- — UjUI 


bil^l fL__l „SLpfcf ♦ ^ b^UJl jj^ 

V[ IUhJI oL_l_J <___U_M OjSUI UjU_L b>UJI jj_ ^ ^ 
<U> L*-l <U__ 0_jJ1 j_j 4> __ ^bJI ^l oL^___U. 2b|^ ^ 
jj4^ c^loJl j^ jjUJI <j- 

C UUI I __*>__ _jj ^jS^jj^JLI oU_J|j ol j_ Vl o___>_ ^tj ^|j 
u? 1838 r UI ^ (1881-1804) ^jlU__ __LjU _-|jj 4*.j_j 
uUi jjjj^ £___j r UJ1 j_uj t LjU <> 4__> 5L3UJI 4_j___Vl 
^J c____ _j .oUlj^pJI J^_____ 5 jJ_J| „j_* _$___ o-- (1882-1810) 
S-J__, 3j__ _JJ 1 j_ ^^tj . L>u <> _J> 4^1 o__l_JI ^ :n a f 
ok *i* ujj-^Ij (1867-1814) j^_,jj£ OJ + ji_ 
Sj_oil o j_j (f U_VI J^L, ___ LjU. __• L>UJ1 

(1902-1821) j__^ ^jj Ujj_j Ui__.l ^l L^ilj 
jA> * 1 858 f UJ1 jj_jju Die Cellular- Pathologie 0 1ji*j 4J 
lrfU J^,) ut ^jjj -u^J^, ^l^l ^ I jU_.| J^ ^ ( 

^ 4l_1jj JU ^ ,__jj;| 1 j_ ^j t(( j^_ 42jU4^^4_u_* 
^ ut UU li| & . j_JI ,V> _k 6 LJ o>L_i3 ^ J^jju 6 KXI L_ ^ (#) 
.Richard Dawkins, the Blind Watchmaker o_UJI ^L^» .jjjSjj ^Li^, 
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1*11 fcjU 


Jjl (LjMi j!) Ui. ILL*__1 <>• j_1 t>-J o-jJJ 

L>U. ^bj ^ ^ ,*1jjVl <jt <j-—* £-^jl$ *2 jL__ ^jj— 

L_ iSjjJ^ JjL_jj 4_ 1_$J aJj^II ^JJjJI C^IjJJ in^t l Lrt i <" « 
^ <JjJ_Jl J^J-^J jAhi^ 6^ ^ -^*-*^ ^-Jj^ ^UlA^I j-*_ 

U-^Jj) (J? J— ~J <-hhi< «^lj-aJ! » *Jj— — J 3jJL> L_jLla <j_J * — ^ — — 
<__. 4-t Ij^^^ .(<— -«.. i M I c-iLkil^l Jjj— <j_ JJ— -I 4jjJoj U__j? 
_*u**) ^ ^ll^jl jJl J& ^Jiwj «_J_1 Sjj_ _UU_i (>a fJ_ U>» <*_jJ1 
^UJl j_Vl (j_ «.Mrtntl Jb_« ^ J*_J (^L___J <j>$-' JJjV <j-" 
t^t ___ij^ 4j| j__t_ ,j-aj$J Sjljj— 4£j_» £__j__il — — £1 ^t*J 1879 
. I * a t ^ t (^oJI 3 inrtlt j__Ua ^U_j 

«_1 ^lt ^ _>jjjj _> U j— >*j>C» _L__I 

2L i -t£'<>- j_»t c__~<iJi:_*j4^_J(4^j^ _U_U1 

sj_j_~ 3jU uii.i ju ^i -u-y^ii a_j 4j__ <^_i ajiji iiL oLjJ 

<j! <^L- 4JLi_»Jl (^ IjL». SJljO- — j_ J_Jj .dlj-1 ^_L _j-_j t .U m jJI (^ 

(1922-1849) jjjjj^- j_—jTj (1892-1845) Jj__ _A-*- & 5- 

jl_j j__ £__J1 <jj— fl cAjntji.i jiwljt J—»VI (j— ■ J>— 1— I ^-3 J— I — - 

I jJ_ ( j*JI j_L_ <y_ <j_VI J___1) 4j_jjJI J^L __!} tij-.l ulj-^ 1 

(jUj_Jj LTHJjj — ^ lj— I _J t(U"j>U i*ri <_Aj <4-L*_Vl 4j_L l^lu^UJ 

^j . jJjj^I J_" (>a 4jjjj^>) <j- S jgun a SjU £*j>j 2JjJ_w SIjj Ua Uj_J 

sljiJI jl (1915-1843) j_*_ jaJlj^jj^T^U!----! 1879 r UJI 

L^ji— — -— J (^yjJI 4jjU1 CjLL_I j—Ujj __l>J1 4j — <_ _ Uu ^y— tjSj— ^ 

_ jjiJI # j_ c_*u_>! j * Ulili jl jjjj L^UkJI jj_J _LjS_«jj_J.I jjjU— *1 
(jjjLuj j_ jjIjjI ^jj-IiI I (jj» JS" j_U_j ._Ujj-ujajj_!I t^_- ~L _.jju 
^-LUI (jj_1 -ULuUj ^ 4 J___* j*j J^ <t^J (1910-1846) 

jJLc jpJuJjJI grCuUtl L^L_a1 _Uj-oJ^Jj_t! __U_ aSjj_ <J-_ =. 

( ^jjjj_ 4_«L*u .(1914 - 1834) jUjjj c__jl J_5_1j .*LLkJ1 ^l—u-jl 

.[Sj^pJll] - ^UVI oUj-JI .Reichstag (*) 
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c*»j *^ W oUjWU 4l*U cUj-^^j^l <j| ^ jj| 6 L*jjj 
>*J L^jb 'e4Luu^ ^ 2->L JL^I JMi. ^bjJ'» Lu* 

^UjjS SjUI ^ . ( * W c^i J^ c> (j^ olj ^Vl 

<jo*j . Lcjj Jfu g-ljjl ^ duL^j ^ jj| ^jJLiJI ^l ...^yi <y*u^*> £-«jb 
oUj^jj* 0 Lis < jjLUIj j^UL, ^j^pill ^ui ^ ^ji^ ^LuJul 

Sjjjj 4Ui. J£^jluud^^4jUJ1 p,»7,n u f «JmUai; <UUJI 

g-jUI <>* ^jJUJI r LoiiVI cdjj* ,4^Vl oUj^j^j^I 4cj*** ^ 

^^^^^^(wla^U^ jl-LuajjJ^IiJLl 
(^OaiiJI tjpU ^UUI <j^ oUj—u^jj&I 3x.j^a <j1j_o*l ^ 

^ LU^^jJI j^oL^jjju^ ^Ji. ( ** } JUJo. Jji3fj_^ 4jjLSL«J jLiJ 
lUjUu ^KUI ^ ajjj^l U>UJ1 0 f <jjjui*JI u^JI <>^JjVl oljluJI 
^JJJj ^l L>UJI j! diJj^^jTj .^.u-^JI Ji*U ^j^j oLUc <Ja 
c-^-JI jJ 4jf ^tjj .<_A^LzlJI LjUJI ^ «Ja t«J Jio V t ,.. r t | 4jJL> 
Ij^^Sj^.U^^LU.Sji^J^L^JI 6^'(j^6^L>^3j^ J^* 
jjUUI jALa JiA» t-u^i 4ljjJ| ^ 4j^.jU. ol J jj^ a cc£jjUVS J £s ( jLa 
ob) U^L^i 6^? h& l?*> M crJUI Je^t c^i J-^- 6- ^LUIj 
0* LiUsj a^Ullj Jjl»JI UudIj^^ dJjUV jL^il ^U? Jjj^JI I jm, jlmu 

U tj Ju^ ljJLSuSI Jju U^j^j.J^jjJLaJI Oj^l <Ja SLIjjL SjlAJ (^luia 

jjjuUI JjjIs ^ ol^ikJI ^L 0 Vl <fljjij Uj4 >.,,,„ m jf <jSUj £-U__<iy I 
JU. Ji, ^ d>Luu£V1 1 a | jll» «4jJuJj_I LMkJI DNA J juiUI 
i_j_ J1_j 3jU_ 4j5Ij__J| cjI jj_JI *__ <ji <ok>jj *j^ <> 

sjjia jLai ^i ^jxo»ji ^isji j*^; v u^ i^i u^ ^ j^ 

* UjLjj £-A Sj-t>. 3jj_uaj <JuS!lII ^Jji. 
.tj^LoJI ^Li^t» tju* ^jj ^ juiij ^ ^LpS^I (*) 

o^j) 6iW^t iJiJ UU3 iiLU» SjlJjJI iJiJt ^ j* .1. .. f ,, ^ ^t< 

. LHuaS Jt$5tj« J!uy (^jJI ^«.aijJI 
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l_>j__j_ ^JiJJ ^Ui - U -*J L*lu 

^JU 4____ _-_jJI 1 j_- «> J-?- M jjll U-UJI ^UuSJI ol a_-jJ1 <--_ 

____ ^ L_-U (1935-1848) ^ljj j- j_-jj> ol__L_t 

^L___J1 JL__-I 2ULj_ __L__T_* S j-t--aJ _L_J1 4-uu 4±,l_ O-Lu 4__Ij_ 
. t— , ,U,U > __1j__J ~-J-ui j_u ^ 1 * 1889 f LJI <-_j .>T J** Sj-udl 
<>___il -Jji A» J^ W-* o*-.U-> J- J— '«J-JJ 1 - sUa J <_- 
j__.| WjU 4__}_. JjL__ ^ j_JI (Intercellular Pangenesis) ^j-J-JI 
<jru ^ . LjUJl J*_. 5__t_j_ j*I_- oU ( _JI_jj___Jl ( ^<>-tsj1- 
^ijj oLilt (-_-- 4_ljjJI J-c. 4o_/ ___ ol jl_.1___J.I <_ruj 5jj__JI _ j— - 

olj-».jJl <>» J~-«-" _ J_- >* ^> OJ^ 5 J-^^ U£j_J<j__--L-_>. <jJ 

<_J_J1 J^>JI J^ <> J-^ - cPbj J* 1 - W-« J- '2jULmXI 
«oU^LJI» ail jjJI J-J j_ <_<_-j . U j_- <-!) <>_. J s " J^> 
LL_-t U_*>.j- «^~_) (Pang) 2u_ai (oLu_J1) o_.jjJ.1 j! (Pangens) 

<jj_j1_ 4-____l <>» 2___JLlj .(Pangenes 4_J_j 4jj\J*_V1 

cJjj (oo^'\j) oLojjj -»L_t j_ <>_J <Pangenesis ojj£-1 4Jj_,___ j_»j 
_____} fj -JjJj 4j_1jjJ1 JJjJI __-i -0--- o-J <<--__Jt <jJ 
«*_#*» _ajJU1 -uj_J1 -U„,M,I LJ ___jJ *«Pan <>___, - J_» 4_.LJ1 
.^1909 ^JUj^ (J^ijj <>- j- U-j-5__-i t>- Jj ! J ^JLtW J 1 ( Gene ) 


2_»1jJ_l (U- <j_-->* ' JJ*5t>* 

c-JjUJI (j_a 4__A__ __Jj- J_ J--- I jj_J1 -l iiinnl ^ 

^l 4_jj_J( 4_ja UJ>-- J_*_- (Plant breeding) 4_pLj cj_ >L_ 

(^jl 6jJ J^ t^O 1 J 1 *) L>--L-_->if tf- Uj (j^e 
oj-ujjL ^Uj I j_JL>-i 4___ ___jJI (^- 4JjU-4 -jL-Ij-u ft_j . JLp.-1 

(genetics) «4j1jjJI £____- juu L^ _J__- ^ oJI t (1926-1861) 

j_ ^\ . 1899 f LJI Jj-_JJ ^ljjJI _jjJ_- 4^j_ 4__-1j- J_ 4j__JJ 
4_>.lj_4 4jL_*j f _l _J J- J- Uloj , j-__U 4JU_ j^o^J I__j__- i>«_lj_ 
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JL_ 4jULiIi__1 4J JL^uj 3L*U| oL_JjjdJ z .--j 

u-A» UJj j_>jj <gULhl^I u f Lu . ^■v , q 4jsJ 
lj_Lj Jj < jo.T UAtji jls^ J*iJL Uj___ ajljjJI 

JJ~j- ^ljj* s^lj j_ U^Sl^ , j__? 0 LJ <_JL_ Uaj^j L 
r Ll UaIjS c&u <__» Jj^ 4__.j_ 6 t J_j| | j_ 6 | ^j , Jjju 
jjjj <j^1j ^UI ^ U*__J u - I jSLa) Oxx u »nUt1 ^JJI a : .^ 
j^Ij ^Lt jju 1}*4*J! U^ij^l <_ ,1865 f LJI ( M, .yj i ^j^. ^ 
~- c*.lj- j-> j^L-_l« Jj>3 jo_^ j_ ^j . UjL_____w j^L^^j^, 
^jj ( 4WJI a&jljll cjL <> Luj «j^ 4JSJj ,V,<VI 1j__ __jj__ 
J-~LjJ900 ^LJI^lk*^ bj^^^j^^^^UL^Ij^u 
^JI ttjj ^SJj . Jjj^ ^ L^ j^aj <J , V^JL <__j (( ^jVl <jt 

Jfij <4_iL_ ^Jj *ti B ___J| ^ jjJLj J____J| <-m ,J «-LuL&L 4_u_lJ| 

lAjaT ^ j___f l, lj_L ^l J JT ,„-,tl | jl* o!» ' 

Ui* C--___.j ^jL*. <> LL_ *__Cj_1 0 T juu Vj 3MLVI ^> l^A^y 
:4Jj2j _J_ o—kjj ,« jTjJI a_.IL, LL___tL JSLuwi JSLSo 
J^ujj^o^j^^MJ^^j * | 
jj*j * -jLJI cjLjJ 4 \ , ,„;t L JjlU 4______£| ^jJI ^J-^I 

4J 0 T LS" _L_dJI 4SjU* <> 4jL_ LSL-ij LL_ 1 a :; t^ 
4__JI Ul^ —Jbj ^l oIjuwjJI a__|jjj a-L—L-l 2Uw-T 

.£j—J sj^jli 

LuU? _j . J_JL Sj_S_JI 6-j >a Iaa 6 „ 0 f U__lj jj_uj 
^lj^U^jL^^j^ljj^ LS-Li (1933-1864) jjjjj^jji^ 
^ <> ^^-^ *j-^-J ^lj-i juu Uiu Jjll* _L_u Lb^ 

(*) " . . V 

5^1^uj^<-Uj^^_L>j4^lj L^^l^.^^j^L^ljJa 

Ij^> 4_JljjJl ^L-^l ^ jL_>JI Ji_j ^ --a' j; .^t | 

4ii1jjJJ a^L^t ^^UJJ 4jMjJI QhA AXU ^ J^ ei>-1j L_^|jj 

^ .J^lj ^UJL UIL -l^ J|^V L._ 26 >_tl ^ jJLJI dJU^iS 6 K (#) 
jj oUU 4jjUL <u^L i^l^ i^L_4 JiSi ^ jJa 4JSJ . Joi« _U^f js-....« jc a ;j 
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i;^ .ayi ^i j2i ^a~ii cj^at *jL^ J^ 

,u^i ^ ja ^ii^t awa **j ol y . 6- W ^» 
^tj^i ^ js 1900 f ui ^l^i ^ ^L 

j^ ^ u^ ;uu- <y> Jj^i ^ ^ 
^yo. u* jujl^ ^ *u*j • J^' s^^i ^ 
sLiaui* ^uu^t ijW ^ ^ 

^t-till^ c.LLu^^^^l^J^^^u^^ 
^ ^ ^U^I j~ <jt LS oiUU J^W ^ 
Bl^, 0 t ^ 0 t ^J.^^ 1 ^»-^ ^ ^ 
SUldJI 2L~*Jl f Lt 4ai oJ3 ^ jJI ^ f LM c^u^ 1«-^ 

^lUj ^V1jj <*jjL £W ^ ^ ^ ( Unnean S0dety) 
0 K ,1866 f LJ1 ^ BjjA^ Jj^ oljUol gSbi Uiu * 1858 f Lll 

tfb 0* Jl ^ ^ ^ ^ bM 

UlLoiil U*> Ijtjj J-^L «ttljjJI J-1j*» fW cA-^ 
0*1 .^IjjJI jt 4^>J1 ^LjLdl Sa^ f > W-L^ll 5^Ub 
jjl^JLi^^l^^^^^^^^ 101 ^^ 1 ^ 

C,t ^ ^ ^ ^ t^ 1 ^ ^ ^ ^ 

a^Lkll ^Litl ^ l^J-^ ,1j_- «j>M U ^lc ^ ^ 
^ U Ij^ ^l .41UIV 15* M JjStl ^j « J-j^ 

,jUc.yi Uj-j-u^ 

. j^JI ^lj ^lj o^>U ^ ^ ^L-^ J^ l£j H 
jsij! ^ o^j ' J^ ^ Jy^b ^ uu ^ 
22 ^ jJj . L-jJj-J» c> ^ ^jL^ll ^Lll Ij^ o-- 

^ Uj> olliAj ^ cj^O L*1j>* c> ^Ji^J-^ c> 1822 
j^ ^l j^!j) ^-L ^jluUS ^j (^L-^ill a^ij^yi 
olj 4Uj^L <> J JJL. j^J .(^A 

JU-ji J-t ,v 3U1UI Uojlj* J^ c* JLi2U-l Sj^ *J-f J^ 
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sie*Jf,iJU 


<j^^4jjj_JI 4____jjdU Jj___jJIj^ A*;\\ ^2kl ^jd^l u iit\\ 

.4_»«La_iJ a..1j_-j cJ-J^j j-jJtl <._-■ 0 <Ti* i i i iT I J14--U i_£jJ (j-OuJj- (j^-i-- 
j-L_J1 JjuLa (JitlJI ,1 <4_JLU 4j1jJ-3 4__ 4j_«L>J1 <jt __J) 1 j_J_jj 

<| Ojl , c JI -ujJtl J—u-ajtll JLp.jJI J^jJLl *jL___L cjj ;^<1Li 1843 

jj jj>.j . <jjj-> <___■ <j-ul — «jj c__l — _. jjjJ <jL_t>jJI jjj <j-jjj ->j__>-1 j__ j 

JjJ-*- j_U__j (j_S t<_jL j — il jj. Jjjj — lm ^JUJ * JJjJI cH»JJJ J-» 1 ^^ 
f*JL_ j_fc j-a f*^l« 9 — _ujL_-a jJjJI ^-U3 I jj i julj (Jj_>_9 j^J-« _-J| jjjJI 
Sj^ — _. L-lh^ Ij aa-w j i^j-S-t — <_uj_<a __Jj_4j i_i_j — u-L_)j _il__ ^JLcj <__Lj 

— -« (j^- jjjJI (J-ujjj <-jL *_jV| <__ — j£Cj .jjjJI (jljjL>. ^jliw lji 1j 

<_j| j__>.L _dJ_j <^__L>_U 4 t .n T t->o <_-_> (jjjS-UI j| jucT j-a ' ^t^j (jL_j 

<j->-l -^Uo (ja ^J (j « ■ j t j Sj-LolU UjIjJloJI (jJjj uLgj-JI j_« c-jL __I1 

(jLS" <_? jJI <j-jJt.jT <-_> *Ljj_tlJ JjLU 3b — tiit 4J 4_«Jl_ <j? jJI JjLLo <--j_- j 

^LkJt 4_uj_.}U1 4jI — _u1jj JjJU J-o-Cl . (jjj-i <___ 4-cul _. Sj__. <__]_ JutJ 

JJU ^CJ SjjLsUl 4_jjjI_J| 4 __jJlU <___} JjJU -Uju» 4Jj_Uj J*-J * 1848 

3 n i ^ntt l <__l JJJ-J1 < - >}:<* iJ 4jl (j^ ^i-jJI <__!_- I jj» *3_U_J| 4_J__I1 <___) <_dj_ 
(jt L$jL-i (j^» <jl£ ___JI -_iLL*2~VI <___! Cilj__ 5j__ i -..-vj oLLe-La^l <___* 

.(jJjLs J-L-u 4___oj 4J __L>o 



J Ji- j>«J>-. - 37 
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j_j . 1851 f UJ1 ^^ic^ sj^a* _tjJ4 <j_ J~-* 

4 __* 4_1jjJJ 15*211 <j~J1 «ji^b i___t Jz 

J± ^jjUJI OtSH l^H *Li>*-J ^--^ oLp— 6^ 

jju^H] ^jt jii (jUjj oi Jj-^ ^ ^ 1 ^ 1 <3& 3Vi— 
ju jJt *J .(1851 r Utl j~~1 ^ c*u^b *--oL_l1 ^ 

c^j_«1 4-J <3j>OU 2L_ j_t o J~ r L_i^ j-jjJI ^jU J__ 

r t, yij 4^jj^_1 *U_jjU_1 (j- — U_ljJ 3j_J1 o J_ J>— . ^ 

_UJt L>.jJj, ., * j ,U*j_1 «__ ^jjJl 4_ij__1j 4_JL_>.V1j 
^j i.niU 1 j_ (j^i H ^ " J-"* ^ * U >=^-9 

^L-cJt <>* J~-* _-l<_L, L*j j_j oJlH <A 4X1 " 
Ijjj . WUJl _j_OJ ^ljir i h <_ t j_ o? *hh» * L«J_* d JJ J 

_u, ^ ^tjjJt J_c 4jijj_J 4___* 4__1jj 1856 r uit ^ Jj_* 

^ ^ jJIj Sjl^JLI _L_J1 m jU— 1 <>• 11 <£>»-t$ ' ( *V^jUJI 
SlSjjJ* l_U__1 4jjUJ «Gj&j <4J_J1 J--J1 otj_-J1 ^J^ 

jT ay^ 4jL_u j_ jjJI <lsjj^ t> l^J — -- **— 1 '^'j 3 .^— IjjJl 

-Aijl J* WJ u--— -J 7 U_*j_-J b-^* 35 W*- ^JV- 

J l" A lj .2L JjjJ1 4jU>.t jj ^kJ—lt ^ £j-^J <jT ^ ^ 

4__>.l* 2L-utjjJ 12835 Ul. -^LJJI _~ _p 28.000 j_j 

2l_U Sj^ l*St- L^j___ £433 Oj_ 4Jj_u -Lu J£ JJ^j .SUAj 
<jjjJ1 UvjJjaJ1 ^U_U 2Ujj_ o*- 3 3^jj_ ^j <*jj__i 

<>» ^ tsJl J^J^ 1 *Jjb« (<u_ 4j_v a_i_* ^IjjI ^ljj tjJ— — t 
_UJ1 i_tjjj 1j_! j!) 2L>^-1 (jjU^JI 0-« ^i^' ^ J^ 

^Jl JL^l J JJU (j? .3 J-H^ JJ-I CJW CV> ' 1 j— Cr— ^ • (^L^ 1 
^UUl (jijj ' J— A 4jJLU 4_)jU^ L^i_ (JsJ-^J L?-' — LjUJI (j_x> J^ 
_Jij .j^T £jJ jU>jt ^J- ^Jj-» JjA J^lj ^Lu ^ Jj^Ul 4__J 

. J_L_ UJ^ j£. Mj^U*^ 
,^L^\ JJ—iJ ILlij J-»l & L^tj S^*- a^L^ W jt ^ ^ ^jLJI J^' (*) 
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(j-o LuL>. js-tisjj (_yjLu ^u-uj - 38 

*VjLJI oLu <j*JJJ (4jljyi jx. JjLia L$jl£ JlS\ <i**»J| SSjj 

2QljjJ» ^ JjLU jrul^a 

4j! - tJ±H& Uiiij ^pJI 4Ll2JJI ^j-A ojukj - JjUua J^>- L^LuLa 
^p}\ ^jLUI £-uaicjj JjIj—Sjj Ijljui <L)jL*j" l£jj*j ^Ljjuja t±j_^L£ J*£. 
i4-4jJLo 4jjLua3.| £_A>LLa (jiSj 3jIjI-k" SLJjjJ t ^ukVl jjk 1 jufcj < L^jJj Jj^sjIj 

L» t^j^i jj^-j 0*34*- c.AA Sj . LLlj^ ^ L^aLu ^ylll a^jjlaJI » juvj 
c^^jUI dJuk 0 « < .n (jl LJj . VLu>J iKA ji. jJv5tJ (^jJI ja cjLill ^ 

JL>J jLuLj U£) I Ju^J i^yJila CjLLlsJI j$lVij.«3 n^TU jAj iiijJjLaJI <U u,L 

^Lo-J *<a£.L jjju (jjj 0 i^iiil ^yjJI S 4J-L». Jlaj (JjJLa L^ jj (^jJI SJuU^I 
(>a 4jLJjj JajsJ lj3j — M JjuLa CjLj ,jSJ j . 3 1 u,^ Ijjju 0 U«" ^l R 

^ oLu^JI (> ,U ifo Sjl^I j (jSJ t SR jt RR jl SS a_JSUil uuL^JjUI 
jt Phenotype cujLljjjiJI jjjJI CjLJI ^ .-r. ^ , ;. *p; 
^j—u, <uU jLi. >U iSSjl RR J^*j oLJI (jl^ I j]j .(^aLUJI uU^ill 

J*j*j<jt£ I jl (j5Jj.tLuJjsjf4iuo.jjjj ^lu^ iauMII 2LLe>Jt *l -I 
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^l ^ S Uiy ^jlj-J* R 61 M J-* V| <j^J • 
RuLsiU^Soi ^J^I ^<>JLa^.^LkJt J^uJl^j-^ 
,U^?I JM^ 0* J* J^ iW <Recessive a^n* 

oLLJJt ^t) RR otsUi oT ^ SjlaL-uJII <j» >^ J* ^ t^ 1 
a.i^ SS 0LU9 3-q«U. («-L_«^. Ijj^ ^ b "^ 1 ^ ^ 
^Iu 45UL 25j ,L_^U jjJu UJ SbjjJI <> *5UW 75 «jtj (,L_^U IjjCu 
RS (SR - RS) J**J J>j^j j- JUJI ^aJoJ c-uJ1j -iii^ 

^L-^UL <jj*jje J^l l*- -^ 1 t* 1 ^J .<j--^ 
{^^J^RRl^^1_RR,RS,SR,SS ^O.Uil^jt^ 

Uiu * JjVl J^l J-. J-S- s-^y l£ ^lj) J-* 

J^ 0 ! ^ ^ J^ui ^L^yid^L.^J^ 

j"j_* L^j____J c^JI l—b^ iJuJ ^ ^ j! 

<jj*J a^J oj-^J *^ <>■ W*--^J ^l^-b-i 
£ > «j_ J-%*3 V jjJ I ^ J ^ ^ • ((^J^i>-^ 

J£ <j_- o-----^ V 1 — J* 0* 2i>UI <j__-L__J1 

W J_a_y) <j_>-_-Jt Oj-* <>• Jj^ 1 ^ ^ * 

j^_ oUj__^jj_ji ot (W-jJj^ <>-- r^j J^ cv l»-^l> 
j_4 __, a^jjj^ s j^l j J- lL -_* ^to -.Uj-^jj-Jt <j!j ^ll^ji 

L>_~ giuw l5oJI tJ^ 1 <>* cf J-^1 ^ J_^j .0_w*l 

jj_ ^l___l Juu («j^l lS^u^^^J 4_J___U £tjjV! *__ _t 

t jru_ _ t <jru L^Li* j! U^JjUj ^LUI ->Uj__^jj--1 6- ^UI 
.^LJI Jo*J1 <Jl J5^3 ^lLl>J1 (j^ SJJ^- CiUJjj (jj^3 
^ ^»;;^ ' ^t c> 1865 r UJI 43LsL^I Joi» ^j^J 

lu^ IjijJ^ t^ o! M)^ ^ Cr^l^ ^jP— U^^'^ 
.(^L^l lOJj ^ (jSLu^M ctx*JJ ^ ^aJ o-^ f%A Lj^jJj.uJt ,ULi (>» 

Jljjl WnJt C^jlj .j-^tJI t>. Ur^J^b C> ^l^' J^ O^J 

Jjl^^J^Ij3 6!l^c>^c>^ T ^ l^I^ 1 
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_____ LaljJ <j£ Ujjj . — llLT jJJL-j j-i^j-a 3 j <-L J I ^gSni^ a! <j>£- <j — _j 
* juSH ^U___L 4JL*c! ^yla^o ^-SLl jiSl J_>1 — _tj SjJLj 4JU-J --$jj (j? JjL_a 
J J_a _>L_jj jjiuj__ (_jl3__1 ^jj 4 1868 — -J1 jjljj. Jjjj , „ /__-JJ (jXJj 

J^lu— C-Jsj _Jj — l_ SjbJ_>J1 4-aU-a 4J __jt^j ^J I JiSLaj . 4j___a jjJlU I l-jjj 

j-ij (j| JUu SjL_jJL>. 4jj1_u __ ^lljy 4_n_>aLjJ LjL>. ~-j__J_>j ( ^a_L*_J 

.^1884 ^Lc jjLlj 6 _-_«-. ,jlLc 4j| _,-« fu-jJ1 ___<_ <t ^ri*jijVlj 4___jL_J1 

(( jjj — ___J1 _)jJ_J1 ^»_l___a £-a 4j|jjJL! JjLL» jrulji l__1 <____1 3_Lc| JlttJj 

<__ijj_v 4 jrt , j^ ^iJ 4_j — _<L_(V| j-_jjL__U iCjLj lujajjSJI -UJL>i_ ___ SjM__ 

_JJLl __!__ Sj-uCJI 4 — .jjLJI SjJ_>J1 Cj,-1_>j .(_£jj->J1 _£a_ u_U (_-___ jjjolll 

^ LT^— ~* _-3 Oj^--* — -ijJjJtl '(jUjJ-a C_JL» _)_/Ujj _-___vjj-a Vl 
j»L*J1 Li-_ajJj_C 4j_aL>_j _)1jj_»J1 |U*J I jL__l (jlj-JJ* J*tJ ' 1 866 j-t_iij___i 
(j-tt-ujjj. j__ _otj->T J_>.l <jj jj tSj-Lg-La 3j_-_| JjL „„,_. (jL&jj^ j-uajj ( 1904 

3j___J tfjj| J~*-j tSjLstUI cjL^jJU _-___jJt j-M uJI (__Jf _;jJI i__£cjjS! 

4_aLa__t Jls-I (jL_j (4_j]_Luo <___> I n , „ a __$ SjLSclU CjLjVjU >Ll__S C-9jjM <j-a 

JjLua J_- (j_> *1jj L_jS! — __ jLtjjji ^Julj ._-J1j_U_1 (jnj^JI ___> l __j__ 

(j-« J__UJ 4_U__1 J_| « Jxtj__» 3 J>_C_ (__J| JH,ui ) 4jf ijjj (_;jJ1 i4j|jjj| (jt J_J 

4*Cj_C_u/j (jL-LLw cj jjjj ljjJLuV ^jlu- ^4_JI 1 j__ _,_. jl>oj . J^ (__J1 J^ 

LlA (Jjj (j_*_j Uj) (___Jj___jj-jSJ| J-»VL (jLuj 1 — aaii (jjL_____JjT j__ii| ^ljj 

■^J O^»^ O^-JJ^ ^ (*J ,((__-4_Jtll jy-^-JLl J-c_- 4_i_uSJ LlL-I ut Vl__a 

j-« ^ 1f« < ln i f.\ j_>| (___> ^jui l_U jJ *CjUj__-ujJv*Jj__J1 l^la^l (jtj J-al j*J1 oJJt> 

ajjt Lij-^b *(1933 ^l*J) Jjjj -jjUsj jj__Jl __i| gjjrt" ____ilj L-»jL*_J1 

(jJLc (_-_- JjLLa l$_l____1 (___J| a Ujn . jt l (jrul j__JI _jl CiLuj Jal (____. (_Jjl_%U1 
(j_-1jiw (jj« _jjL_*ja JJ — C (__JL_, _____ ^jjUri 4-__>l__. 4_JL>. (j__jj__JI (j____u_-l 
.SU>JI ^cJLc _____ ^LaJI J___j JjJL-Jj Vj <I_$j1_u CiLjLj 

C»Uj__jw4jj_kJI 3L«Ij _) 

4jL j jA 4_ — uil jj ^jj-oj-a (ja--J (jU.jJA <>jL_>.| ^ JL-JI _--*JI (j__jl_CJ| 

^-ijLaj t (Drosophila) ^L_i____jj_ SU____JL1 jj4<^11 ^>A\ cil_ 4^L_JI 
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^jmJ j . j____ ,1 j— jjJI ,3_ — ~ LlU l__1_' ob ' 4___L_» ^ — «VI 
a^Uit c-u^" ^ L^ j-*j_ Lgj j^ ' ■ . c?- 1 J- j-*-— 1 

_ij Mi^ti 4 -JjJ _-JL_ J*-J <j-A 4-^1j3 e_*__>1j _Lj___. 4_>j i( j__i»JL 

^ljjll^ -jt^ ju_ ^j^-" Sj-w l^J^Ull 4_>L_ot,>_- .oL_jLl_!I Oj- 
0-* __JL_J1 J^l ,j___J ajui* 5; i„ jL___}U t j_____ Jj__ L_Lu M 

ljLjJI O^ SjuJuw ___jL_ — 'U- — «_t g-LjJ 4j__j_a J_" _J_. e-jLJ1 
Q_rj ; J_" I JuJ->. ^U*. £_!} (4_3jj O*- t^JLo SOaJjjM Jj_) j__a___J1 
_rl__ ,4__JL_- J__ 4_ij__ __-lj ,5j-a J£_y- (J_-lJ1 — i—* _-_-'l ___j ilui*. 
oUj_-j-ojj_-l O-o _1 jjt 4_ujt _-_- L$J .4_s__JI 4jLj (^l ...jjj (jt 

jLa_t 1uJl6 4J9 jjlJL o^j>* e*-' '^**^' V*- <>* W- j-"_ ~* 
.^LJI J^Jl cy u- 5 -— 

JUJl jJk U£ .4_>L>. 4_ui__t 4j oU^__^Jj__1 _j-_ 0-a Ujj 0<J 
oUj__j^jj<-1 ol (> ^u-jJt _-J-J . L jM— 3 ^ 
£jjj| (jL^ .^j_L_l J__J1 _*>■ _>* 4_Ul* _l jj - 1 4_uJ_ ^ Sjj_l1 
( oLsj__jjj*Jj_Jt dJ_ JS__ du> 0-« j-um» Jjj— 4_> (j-_>Jl JJJW tijJI 

<_ ^j . Yj X j-JL _jjj- __u_t J___- _M *0_ __-._ __a_t3j 

dJLAj .4j1 JJ jj-3 ^ OJ_>_ j) 0_— _ 4jU__3 oLLJjJ 4jMj JJ___- (j1 — 

Ujj U_l_ J_-_ _LVI L^Li- ot o~ <YYj .YXj .XX 

_v^ Jsl <_jj ot uc-*^i -AJoJ . ( ** } XY <__> jj_; jJI 4__iJjj L__*Lu .XX 
V4 <( __>Vl 0- Y jT X L_| _jj ot 0^*fj «^l o^ X ^j—-j^j> J-^jJ^ 
. I j_i OjSLl.., .,. Y _jj lijj 0j^-— - ^,- V^l cV x ^JJi — J— >• 

oLjJI (> 1 jaij ____! O^JJ- 0 jt 4_ i_A «>_ 4^_5L_I 4^.1 5j-__JI 

Vju ^L__u Ojj— <— J U__u _«j>- *5 -IjjJi gjj-j^ 4^UJI <_jLj (jh— j 

0-a 4_ls U J__» o>UL_iV1 ^Ljj ____j .4jjUJ1 *Ij_>JI OJtH-I u— 4 
-n — ti ^j) a n^tt ot *g5t_l ^ 4__l__-yi J-J*-! I^j 

J__l J__ (>J 3Uj MlJ i_>L_ J>JJ 

.<Lii>. J_ (Ji Ci_y_«j_j^_Jt 

. __ U^. I i_ __J ^j^' 5 ^ .Sjjj- -* _U-t «— — I o-^y {•*) 
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,___ h " ' ^ 1 OJ- Cr- J$P (*- -JL>Jjj-C jj* oLuj ^jJI 

l_jj .Sjjj^ jj£ ^oic. _;! i4_p___La L$j|j ( X 4_aj___j J aj_> Sjjj-__JL 
UjI Ju 4__t>J 4__i_i__U CiirtjMKilTI l_3 jju) jj__*jJ! 5_aJlitil 4_-l>J1 e_-l_> 

uj_-^ oi- '3jj___m X ^aj — __j_<jjj__1 __!__ oiy^yi (Alleles __j>L_jVb 
Oj-- <j^ ->L_i)M 4±__JI c_I_. 2LLJV1 <j__J ^Ll_--u <jj-- a__-_>bjJ! 

J__i_JI ___ ftL____uJ1 jryJI 4_u_>L_ j-$--_ X cAAyuiyi^j£ £yt J£ jj-lc 

.«L-t-uj M<i!l)) (^j_aL1_J1 

_L_J1 J>U- J-«_J1 4_L__I jw« __ic uLc-jj-a 4-JjVl <_t-j_J1 -.l-jc.-. 
•0_->-LJ1 c_j>U_I1 <j_-i Jjj_ 4« jjL_j 4( j_j-_____J| <jj_J| ( _-_i__J| 
-U_if -_L_j_*J1 ^j-, 3_cj_vit™ J__xj CjUj — _j_ajj_CJ| <jT J-*jJ1 1 JL_> J__jj 

4j? L-__uT C___>jtj *_U LttJI (jwS 4j___ Jjj_ ^J— 3._J_U_4 jj_V _jL-J L56J 

^ljjT ^ miSm <4__ujJ1 jf ^jJUI 0 |j_pJ| L>_w <_L__uj 2LJ__ J!>L__- 
6" ^_i-JjJ U__ £_Ijj 4_ul_t ^be_T-M _jL_J i(jJ?>>- <__Jj l_jL~j__-j_4Jj__J1 
J-__u _dj__» j-j — l_j„Jj_JI < _J_-1_ 3jucL_Ll1 oLlujJI <j! Ja__uj .Cj^LJ^I 
SjLcjj J..L-J1 4j1<U- —JjJL- JLLc c j__-J <j-_ l^i^l) 4_____La -e_vjVl _J__ 
J ^^Tt Lj 1j_U ^j — __j_ajj*CJ| ___ 4-__>J__11 CjLll>J1 I _Lu <-__i_-_)__J| 

(jJil LU_M (jl -_J1j _<_J__J| J-^-kJl |__ Lj__ i J_cL_jj <j—JtJ <j— . I j j^-t 

. j-J-_J Jj0Jj_J 1 -sljCLal __lc c_jLLl>J1 ^ L___jj 4-JJjJ <_J--JJ 4_ajL>- p - - jj 

<j_ -jL>_j j-jMJI J_*JI (j_ 1 jl> j_u_C j jls _!____ Jljj _ _,_T _jf ^.«j iU j 
a_jL 3j__ ^ _jj_Ijj c __j1j a_i__>j,l L>.jjjj__Ji ^1jls____l £j-J1 l j— > 

a_.ljjJ1 5__L_ -u>. ^___j jL^ji ^ jJI __)jj| (jl_ i( j_j___J1 (jj_JI JMiL. 

j^__jij^915 f LJL _-_^j_r>_ jj-Coj Jj — i/» (j_j a_j|jjJl ^ Lc j 

.(j-Jjj 'j^jjjj .(_j — l_,j ^ "'*< irtMjj___ .(jijj .4j1 4>Ujj (jLc jj^j 
J__>1jj .«JjLLo j-Lc 4j1jjJI 4-JT» (jj_U1 ^<j.'»M-JI ^b_T j-Uj-« .4_l^ 

(jLcjj^j J--u1j *(1926) «4 Ll>J1 4jjJ__j)) L_jl_i L__Jj_J OJLS-J^jl CJJA 

(-lc. J____-j 4 1928 r LJI (L__^jJjJ___ Ljjj-LJL- jl^«) LiL^l.r^.-Jj 
fj- Wbj^ 1 ^ er- jL, Jjj l—jjjj-T ^jjj 1933 ^LJI Jjj_ Sj—jU 

•j-1945 ^ LJI j-i_4___j_> £-j1jJ1 
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jMjjl j_.1jj j-a V} <jj_<o '_'(_■, « nU 1 1 c-AitiilM (jjjJ_> (j__- JJ— la-J1 jj 
Uj jJI fL$-Jl ^l <>- (j_- '^M^? 6-* *l*_u_A- J-*Vt l>* 3- ifrf*- a 

l_«_uj_JI 3_LcJ 4-J.ar <j! l_-j£ 1 jJLu i) i4_>Ujj (jLcj^» Ls-^ (jM- JLJ^HJ 

j <n>j i£j_-JI <___!_, lVi J __LuJI 4_,Ur l^n," ___J1 4_lLu>JI oL__-__.}U 

l__j__u <jl jJ_£_i ___J1 _J j_Vl __ic j_-"i_J1 <j-« IjU Lu-j? —-^ 

jjkr. l,j,„;-w J uullu V <__jJI £jjjVl <j| (<_*_ .3j_Li__,1 4im i I I l__jjJ_JI 

30.000 <y 1j_- j___jJI ti^ Jl^ . 2uLiii jLjjui *j__jj <jSJj . L___t 

4_UL 93 <j_» j---t (j!j . « <_. 1. u j m n 1 1 » <j;jJ.L_-J1 J__*_JI _JL>J <_--JI ^ 4J_l». 
Cr^ W ^ljj^l annUia ^t homOZygOUS 3j -_iLu_»Jl «j_* (jva 

j_j_4_w ___. 4i___J1 _;_ ^jjJI — L_/>«jj-i J_4 <_-ic 4_LL___Laj _j_~1j U-l 
t heterozygous g\ j-j^ 3 j-^Li__- --_& 4jUL 7 _>__« J_U <jSJj .j - , u.it l 

<___-. -ti__«L_-J1 4__l»J1 -_L_J 4____x_a 0>UIl jjjvjJ 4___> j_J __ll — L_> <jt (j- U ^j 

JlSJj -LjjIj <--C Jjlj".-^! fUJ -Jj-3 <j-__* — <_J 4_t*-1jjjVI cULoj — __j_-jj__J1 

___J1 ,2 j-il-JI tCr -L_J1 j^i-Jt 4-iW J*__J 4rt1-.VU -_jM_J^1 _ j-A _> j-$-_ 

gene (___Ll»J1 goj"<ntl J_-1 j j__ll_-jj t jl_j U_j_s j___1 J_l______j L^J <_)__ j_,._ _ 

<__! j__l_J1) <___uj iijrtlt U ^ju-L-t (jrt*s*i ^J U ___j____> jjjIj L_J (jj___Cjj ipoal 

(w*-.'^'^ <--»L___jVI 4j_Uj U j__> 1jj-J * Ujj_-u (jrt-.yj jjjil (___) l-l^-jJ (^--Jl 

(j£^Li_u J_iVl (_-__=. (jj-cjj ^ <jj_£j *__>L1l>J1 (j>» ^jj 2000 tjJlji-- 4^jj 

(^JJ 4_jL___4 (jrjjal (j! 1jL4> ^--Jty» *(l_j>LJV| (j_4 (jjj-ul ^j-4 j-i-Ct 4j I — ^J-auu) 

(j^l (jjj> J_: ^ t 4__.Lu (4__jjJo 2000 2 ^!) 4__jj_U 2000 j-l^ 5jS 

t 3jL*iJ JSLk jjlc. 1 jL__j .j (j__ U__>jl-w! < rtl"Vj (jf (jSL-w j miJ I (j-« 

L^J j- j-- ... ^l jIjlc^I Jl_) L^UI J^L____j 4_£i_J1 ^IjlcS/I jt ^ 

(jL-_-j-___i JL^JJ V 4j! _____fl (jjiJ LlojI 1_Ub(_-_Ujj ^(^, — ILJI J-____J1 (_-_-_- 

(jj jJl ^ftj| J-J1 1 JLC U-l_) Uij^. (jL-ul U"< a (j-sj^l 4_wj (__J__ j___J1 

Jj i(3_L>.1 j 4jli^>V a 4 — l__jjj (j-a La-^j V J_v1j — -J_*- J-_a_ (_-_> (JJ^P — 

«l-uLjj m-h11)> La-_Jj U Ujj I — __Lc (jU__3_ — l- j->-jj V 4_l I_l__j! (__i_jj 

_U_u (_;jJl £j_Qj| _-_C j-_-jU I JlAJ i JL)JL5__Jlj 4_ijJ_J 4____j ^-JU- k JI _-_aJJ1 
_-j-__J 1915 j-L-JI JUU jl jJ_>L Jbljjj ^tnUtl -jL-tr-J^I 4J>L>. (>aj 4_£l 
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^ijyij ^^LpJi cijpji s^L_c|j t^uLsJij oUj__^jj^ii a, it ,u 

Ji-b J*_Vl ^ji-JI JLi_- _-0_- ^jJI U : j_uSJ1j ^| J1j\_J1 6 tf LIaj 

Jlj__JI _>_. 3jU-VI 4-Jjl. (^-Iujj . I d oUjj-yjjajjSJI J_-bj SljJJI 

»UI*!I< tlu>. fL^j$Jlj^_JuljSJ| *Ljj_i ___ <-iljjU-tl .s i^T ^ u 
lJj^' olj__>J1 <jSJj (<; __jj>J1 ^jluJLl jJ__ SLpJI jlj^J j_^ __ic 
j-_n j_u c_.j1__Ij U_L__I ^ helix __J1 __JjJ __Jj Jj-_oj_ JjjJ_J1 

•U^ 0>3 <______ ^ 


l Sj-____ J j__J1 *L_jSJ1 ^JLc ja _-_JjVl c_ ) |j___>J1 _il_ l ^ 
(-Jjjjuj^ L__jt 4_____lj) .jjT J__ .(1895-1844) j___^ _j__j j _u > _ 
«1844 r L_J1____ 1837 <-__!<>« Jjb^l^jJj^lj^jj^ i.L^ 
o^- ^4d^_>- J-- Ujlu t(J jj __jj jaiu _jt J-j* 

,1872 ___>. 1857 <_____ ^^j-ai J____ <(1904-1831) 

Sj___ _j}_j ^j___j (_£jJ1 4_i-,| _j1 ____. _>_-_>. J-___u j-u." j-uUj _>_jj_ 

o-J^ 'l^J 3 ^L^j 3_*_JVI JJs JjL ^ __j_J1 ^jj _;jJ1 j t 5___, 
O- 4 (1895-1825) j 1j , „ - _jj__ _>__Jj_> (jju ____ 2bj___*J1 pL_uu_JI 
l4 ->j~ c)T J^ __j-_J er- s>-» cr--a f- < 1869 __Jj 1868 j-LJI 
JjL _Jj_ y t 1 872 r LJI jj-T jjjL j___i L j___ j . jjL_j 

ji-^lj £jj-__U Ua__-| __Jj <___ji_1 4_xL>J1 _______ t jjj-^J __jj 

^jJI J_-V| ( L^jJjJ___J| ^LMJ^J^ jJ^JUi ^LUt J____.J t l^jJj J ___JJ 

_;j_O<j„_____* f L!3_0_3 JL»j <1895<j_____J 16,-jj J__J1 ^^c__j__o 

*<j_. m< _ > J1j 4jjL>JI -j}L„ 
3_uj 5__ljJJ *UU_J-| ( ji ,,n L^j_ J_v_J (jiliJJ 2L_«L>. j____jyi _U___jj 

U^ IjLu J__Lj <_| >U___ t dJU_ <ui_. 4_*_i j-Ui_1 jj-j) 2UL>J1 
_>fl JijL-- - vj-> U^J *(Sp_U» l_Uj ^ (_>.jJjj-J1 l_-*_J| J_« ___ 
<USJ t 4jjj>JI .L^jSJI ^jJI <u^^ u J^j a „, „,b ^ 
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4ui_- ^-Jj-—! (jjJI « j^j-pi —JjJkjJ L_L)l_ tj_C.L__ (J_. _Ji J-C Sj_S_ 

ja j-ij^ ut lil^J <UUJt <>_ 2uJu& (j_ . A<t l f L__-1 

JJ> _Jjj ((j;j _i_t _u--. L>U- U__- 2L__»JI L_>UJt <jl J 5 — 11 W*' ____wL_ 

1jtj__. jJLla l£>!^ ^J 'O^J 2 C^ij <"J ^Jj^aj iy> — *)j-—< j — ^ 
^ j_a-_l t JjVl4^^j>iJl3l*tiXt CjlilSL.yt ( j^^!-«-MJ A t A 

___JI t j-Aj . *L-_--uJ1 oLjiCJI (jt *j __J1 _£jJ ^l.^j.lt ^jJI L}1_- ___j-j 

j-fe_-- <_$_*. j _>* L-su! -_JJ_i J—-u fj (ji '^LwJt 4_p-L_Jl 4_J 
^Lll Jj juuaJL 4__j__Lt 4_jj _"t <y» 3 j-u£ CjUSj j-LU 4_4 l_1J j 4 5__JL-3- 

L_SjJ_M jL<J.4_>.1 JJ>Jt ^ 4 ■ ni^ —USjjLg^ S _>L__ <j_- Uj-l-SjJ (j— 

^ J~Vt jL-jtit ^ (j_«j i ^ . M i ^t t ^ 4jj-dJt jIjJ.1 f_t oLljjjj-Jt 

L^Jji_*nJ (^l oL__}_Jj-JI JJL-TJ K. J UUM 4jj-*J l-Sj LM (jjjJl (___5--Jt (jl 

<>, c-jLl—JI ^j- yJ_J1 o— »b .sL_pJt j-L_« ^ ^tj <4Ji-JI *L_±4j-? 
_J_i Juu tjuj < j-f*J- U J- ^J^' 6— * ' " *■ t_r— J>— -»Jt _M 

Uj>Lj_-u_t <jt j-iSua _-_-_-__l U oUj-_-j ^Lw-^Jt JJ-_ -J U<_L_--i 
( oL_jjjj-JL <j±c. StjJI ^jU- 4_d_-Jt %6 4-uUt 3j_____oJt jf 4-jjUI 

JU_- . L_-ut -UliJI j_^T Lo *<_,_ Jj_»-j £_„jt 4__JjjJt (j-a Ju>Xt (j_l 

_Lj_Jt (> 1j-u_; bj__ L_ ^jLiJI SjLJLI J* UijJ <J\ j— 4^ 

^____lj *( JL*I 4Ji 4___l__u J_-) UjjAjjlj-_JI (j-« 4JL-JI ^jl ,„H 
L_JJ_w|-___ U-iAJ^jrUJjiStjJt L^ (jjS__J ^t 4_uJ1 JJ_-_J__jJ-*J 

<^j_oj t (Nuclein) «(jjjjJW (jrJ^jj o j-* <^^j -uHSLhJ' 6— Uh-* 

L^Jla i( j^jj_LuJI j cj^*--— ^lj U^JjJ^J OJ^>~' 6-° 5 JnH-> ' lt— 

a ^ ^ji^ Uj! L_j! i___t 4_J ^j-i*^ 1 *JI *-P_>»Jl J— 

J869 ^L_JI l__u_> JjL-JJ .CJrUJJJ (jjt cfijU- *JJ_ -^J— t c>» W 
(j_J _J->.J 4j!j tL^LaJl oLjj (j-« S_U__ 3jJJL_>JI SjUI (jl j_vL4 J-.1 

4J-01 ^j Sj-M-iJt LM__. (> Jj juJl—JI (> ft L____uJI _Lj_11 (^ — — — 
.4_*_jVl (j-_ L_»j-i__j «t j-_JI ^»jJI ci1j_?j 
j__iVl ^L_-1 *4j_j_JLI 3jL_yi __i_-u ^J j_-i_ui __at — __CI (j_c *L_Vl <j_ 
2-jL- j-*S/L ji.T oM ^ ?U (jf c^i JiS- ^J JJJ^ <Jl ^I_>Jt 
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y^JJl^^ j&\ 1869 f L_JlcJu>^j.ji^-^j^ 
u-* ^Lp^ Uj___il ^Jj U_Ufj 4jL^ 4jL_Li__CI J r ... > t ,^ 
4jj_i j_u-_J! q\ ^jj^~^^c^3'^j±^^j^j^-^yt 
AjO^Mj <> <jL_l c£>~_ u*-^ t^l ^ y t <ji_*j ji__j1 j ^LuJI <j^ju__i 
jjJjj ^ 4j^jj_J! - ^j—ujj^JI Vj ^JIo*JjuI - *\ a-.<V| j^p^UJ 
rn,,,r^ !4^LJl^jAJ! 4JUc T _^4_L P ___j| < ___. j-A-JI j_U_j ( 1870 

4j_«j J871 j-LJI ^j^dJJj juu Uj^c-_*J1 j^lij .ujj_»J! 1 $ S* 

jj^- v^^s^j^^SjM^j— jjl^, j^jj ^ jji j^ji 
jAp» ^Mjj -^by 1 ^j-^ ^jji- y.« .«j j^bj ,vji oT^jj 

Cr^ j*JJ * JjW <> I ^LLuuT £4^| <jl Juu (<jJjjitl) (J^JSjilJ 4l_Jj_ 

u'j^1 ^u^j^j-uj*-^ L^UJjI^ 
0^1 ljJ--<Lj>Lj-j___J|<> Jj^jM^Sljj l^oj^^tij-ai 
^ljt-i-. jJi^l a^jiUI 4j_*jj_JI 2LU Sljjj ^L*iJV! ja j-p.jJ! l&jjb 
aj_U oLu£ oj^i <^W^ ^jjjj .^LJI Ja*U ajiljjJI SjUL fd 
jf (j-Ji-JI <ji_,L_, ^Jj aUjJ! ^LST Vj_*o j| jjj ^jJI j ( ^jjm ^jij^i ^ 

£^jtj .4jL__.L_J! 3jU| tAJt ^Jl J____>J| £_u___ Jj_*_b J^p. (<J i__uJ| ^j 

fu^>JI <> SjuIwJLI Structural Proteins SjjjJlJI ol_L__jj_J1 u t j 
lajTb l^u^^a^jjjWl^^^lj^^l jj-^j J^o* V 
Sjjj^ <____ UjU jUjj J1_*_j <jt uSUj (*^>J! <> arthV,4 P lj>t <jL U^» 

*lij> jA ((jJJjiJI) U_J-TjiJ1 <jf JWI I.AA *LSf < n ,V*lj.3jjL-_« 

<<jU_JI jjLIjjj cJiLbi Laj *4__-__*_>J| oLcj^l > jujlc JLc ^j^j 
SjLij ^ «<jjjiJI (J-ojukJU ^JLWl- * 1889 ^UJI <ya 5x4^3 jl^! 
4L»1_-J| 3jj__-J1 uaj__ju <jt (jj- *_-UI 41-1 j j-__-i-u» <j_Jj .oLjj>JI <___Jj 

. 4____i__>| La 4__4__>V 

0_J£jiJ1 <jt t 4jjjj>Jl ^UwSJL (j^ijj-u-J! 4$}Uj oLi *j-<i V L 4 «Jjjl, ^ 
4jjj_3 cuj_? o-J .4_jj!jjJ| oUjJjuUJ JjjUJI (jj_-Sj (j? ^ ((j-^jUI) 
,l^ ? L_Jjf4jJL^4jKJI Sjj__^!^j_J^oU>*JL !ju^4j__J| 
SjUI (> £ji ^ L , aUj ,.,-JI oUjj>JI ^L» ^LS___I jl_L___j 
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. |jl_ju j_--'I uruj^l > — « *-«--_ jf J~-~ ^J-U? *4_uL_Jt 

<-.^A< 5jUj_>J1 ^j.ntl ^Li__J Ij-rt..." J-^J <L^jJj-uJ1 *UL- >_Jj 
4_jj|jjJt SjUI |»l . m"tM IjjJ >l LL*i_ tCjLj — _«j-«Jj_J1 <>- 

,___j .(j_J-j-JI 4_«_-t j-j-1 4_. j__j 1j-j-tj . L>UJI fL___1 jl_. (^ili^JI) 
(j^J4Jjj ...U sjUI j__ o^j^Ji » tejjj-* j_C___-jt c-__£ 4 1885 ^UJI 

1 jub .H^IjjJI M.nUI J_2__l <>_. J? t <. , j.r>V,t 1 _>__ 

(1939-1856) 0 j ,,.1jj j_j~_1 <_£i>--1 W-jJj^' H u ^ 

:__L U ( ** } 1896 f L_1 jJU_o -u^er- >U-__-5j_£f-jj-^ 
_>_______"! (4^___JI SjUI) o>JSLjj<JI jL_j---1 <--_*j 

, LUj 4, Aj u_3Ujj_-J1 a ! o^l uijjuj .aijjiJ ^L>^JI 

jJust^c-^j^ JJ-J .(j^Kjj ^__jL 4i_jj-»-4 SjL tJjLLaJ <jl 
_____ _Jj — t__ut ^jaw) (jJJjJI _>---JJ>Jl <>« I — uXjJ\ 

__j_j 2l*jjj __J} L_L__jj 1___--.j . J^jJlj (jj_L_j__IL 
JL___-1 «±.jl_-»J >f ^j-I <<j-Uj ^bj 1 ' 6' 

.4jjjJI ^-Ij <j_JJ-1 >» 4j| ju ____jJ, ^J5j>-t-Jt 

jl_. <__ii s jjMI 2l*jjjJI j_c___ 0 1 j_£ 4jL_j __i__- jjji-Ji <jK >_Jj 

*uj-__jj 


(RNA) Ijjilj (DNA) Jj > _-t» ^ J*j-t» 

t ((jjjj_JI) (jrJ-J-ll 4-l_J -UJljsJ t-L. JjjJaJt 1 J-* jlj-~l ^J__J1 Jbalcl 

juj^J _, Vl ^ <J >b) 11 -I- ^^jj>JJ 3_^L__ _ I *LiJI -jLJj 
JM_w |j_4 J_ jjlpo j__j t (L__ *LJ1 -_L_J <<__->_. 4o_j_ Jj-_L_ 
LjJI 3U___tl *LJI *JLJ ol ^LajJI Jj_» U_-__j _jl__>Jj Ju <j *m « 5l_j _uj 
^ a_j____L_Vl 4_j_i (JJb- j«L „ ...tl (> ^j- j-»j tRibose jjjjIjJI ^ DNA 

j_a 3^ niU^ 4_L__ (__A <jy> .XVl _>a SjJu 4__jjj-4 jjJj-JI (>« Cj1j_ — JJ.T 

(*) Jenaische Zeitschrift fur Medizin \md Naturwizzenschaft, Volume 18, p. 276. 
<jl_ .The Cell in Development and inheritance «5__tj^lj >*_) Ja SaiiJl» :_)lj__Jt {#♦) 
4jj— >o _)Lj>- <u_ e?>*-t lS-JI fu*2S\ ck**>jj W-jJj^ ^j->Lj (jlj^l (J~ l-----t Ji-^JiJ 

.4^L_JI ajL_u4-v 
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l^j 4__*U (OH j-_* — - (j_^jjJ_j$J1 (jjt gHjjt 4\-_>L*jj) JJ i.! oljj 

ol J_-jj UI_Jj --~ ijj_>-l *_i_L}j_fcj _jL_s_U1 Sj — - JljuJ (j-UiJ . L1 jjJI Juc 

4_-j-v_*_4 __A * — uiaj 4_1^__IL «irtirlllj i4_u_JI 3 JjLiJI 4JlJJIj , jj__jj|jJ1 

Phosphate __iU__j_i icj^* ,___L -_9 ^JUJ tjji — i_ij_Jl ,j_ic (JJILm 4 ujjj>. 
(jru _-L_L*_> J_*_j o j___> C_iU — __jii CjLc j-*~-a (jf <_$' ^J-- ij ^ J tgTOUp 

*l__JI SjjJj . 4_JjUl_ W ,h\u, J_-b Ribos Pentagons jjjjIjJI oL___-U-- 
^jjjmjj (bases) « j_c1 j_i» u <i , ,r> Jl__i? 5 ,„n^, ^-a j^ki 3 >j--V1 j -jJlill 
(cytocine) ^jiu-Jlj (adenines) <j>uj^V1j (guanine) ^uljiJI *U_.L 
't-»j<. < nll Lp-jj SjLc UJI jL-_jj t (uracil) Jj__ui1j$J1j (thymine) (j\ fl AJI j 
4_ — ___J,I Ju_lj_J| OJJt <_JJ_-} 0-jjjjj <G, A, C, T, U J_5is t-Jj^l ciij_-VL 

J_-Ljj . L^uL fc j 4 — luaui a *4J — ____I1 <__ j£ uJI CjL_L~ (j* J-Cj Juu L_<u_ 

(^jjjjjjI jJI ,j_-*_-J1 Jl — 3j j| tjjjj|jj| Ai mU^ (jjja <U___i1 JaL_J| f_£j*Jl 

^ jJlj) ^j-jJI ULu (jjUaj jISj tL-aj 4_5jj *RNA I jL_____-l j iRibonucleic 

CjI JU-j (j^ 3j_-j J_ 4j_ t( jjj, inttl (jjiUI oLujj_____ ji_l jl J____. jjL>J 

(J-_A3- fl riijj (OH 4j JJjjIjJI U_UJ H)J-|(jj>- im<|3j. I^JJ< imTI 

cru (__jl_JI JjjUJI iDNA IjL___-1j Deoxyribonucleic l£jjJI j^d) cr^J^ 

_Jjf (jr-^ ----- tijl*J U$i« (j! (j-4 (4£.jJI <___- 4j! <___. J___iJ LjJI J LjJI 

G, (__!_, LjJI <jJj1*j Ulu tG, A,C,U (__!_. (^jl*j LjJI jL__ * j__Ij_JI <j__« 

L^(6^J^0<^J^'^^ 2 J-^i^^' JA _-l u u<^\ 1jl_-(j].A,C,T 
.4j1jjJ| <___ ujjj (0£_J -ust__J1 jj__JI <__fljt ,-J <j_4j i_£jJj *l£>>- <>* >-*^ 

(_,SjJ-~Vl J_>(___»L>J1 ^__^_JI 1j_*(j_. tfJJ_.(_y» J_Sf Jjj Loll ^yASK «_J1 

Ju>*JL 0 --_«jJLl ^^^.(l^-lSS^c^oM^i^jj^^^ 

tjj .4jLjjJI 4jLo- <L_JLdLU it&A JLSj «1905 tll (-JjjJjJJ jliijj 
L_sjI jjtj iLjlI 4jjLLJI CjLLlLII J_j|jj4 Sjj_L JuJlaj (__3 IjljIj IjJ-uj a-J 

L-.. 4_k ^j 4j_J .1929 r Ull (___- Uil_ LjJI UUc ^ (^jJI a nV ,M1 

4ji_U j^_ 4J U ^olj j_jjb t < n i„StJ '4J (j-T^jJlj i4_aj4— 4_iL _j| 
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^ j}L- jLLc 4i! j_jJL> ^j^i *L_t*j_JI ^ jSIj <-lL- ijijj 

^...i 5^ SjJL <> (^jilt j «V 4j_ u_-_S1 ^jJI 4--»_- f LJ1 

^i _ii j juu j_uu ^jJi t ja»_ uj-W r-^i s j-^ 43 <jj* l -' 

4jj_JI ^-s j_>j £j_u_^j--j ojL_-* 5 j--Vl _-___! L Jic. jj-iji- (j-^JD 
>| ,>> L>- ( 1891 f LJ1 3j-__U oLj_jJ1 J[ 5j-_-Vl Ojj*Uj .*>*-. <j-« 

> l^ l t(J -_«_ _-!} 3j_*_tl __L}VjJ1 <-_ 4*_-l jaCJ Oj^oJI J_-» jXI 

Ol_ , C>tc_i_JI jj^l-u^ liAOt^ 
U__J1 oj__j . 2Li l_ f_-Vl j-uiU V! u^i o_Jj OJ^ J 1 ^ ^ 
.^jjill <j_-**J1 <>- ljitt.ii 3 j-j^ -_L-_ JJL_ 4_*u_j (jUJ <>» _j----X1 
J^^j^L^I^^UU^U^ JiAi^ ^HJIcliJ 
\jjt <> ^ujJ^I Sj^JI Lj>U) G, A, C, U LjjJS 4^L____U oL*_* 
at» : .... 2Li, ^jjiJI U ?^1I £125—1 e^i -Pti lM 

L____«4 <-_tl 4__}j-__JL> ,j__-U l^u __uJjJ SjjiCl- ot___J £Jjl t> 4-__J> 

j^lj JU- ^j_*j UjJI <>» 1 j-_lj L5j>>. L-U* I jj t-_% 0*J%h 'U^J 

^jjju» jt__>Vl <> 4*>J1 0 J_- 0__J_--tj . 4_ujVl J__lj_JI <>» J* <>> ^ 

L_»jjs UjLucL U-LL* <>- Vju <>-_-J . (#) JuujjJ^uJI _y-L>j ^L. 

£±y> 0___kJj U L-.J JJI » 3 JU-jJl 4__L» L^ O-L-- 1 . I J_»- ^Lp^' (J^ 
-_,L__-j OruLJ <jj__-.L_- (ja (jJj^ «r^^ <>• Jl»--- _>J- lW* 
_t j_J <>• 4_J>j J .St-.tl Sjuj— _- oLjj> oLujjjJI q\ _ij_- L_f L_-uj 
ojjx. jlS_ ( a_J_itx (_uJl_-_iL 4j_ulj-l1 SLiwVl o^L^M <>> ^Li* ij+S 

5JJ*J- Cr- M -AajUI C-^- 0' 

oLujjj-JI Cu_3 aau—uu 2Lll> ^jjJJ 4jjjUI ^L^^I j!j ( OLujjj-J| 

d___ ^ji>_ «4Jl___. j» 1 J^ 2lLjS-_ oLjL- -JL- ot C^pJ • cr-a 
i)L$j ^ Tju J-i- '-il- £*3 ^U^J jj--j <GACU *Sj^1j ^ 
^jjJJI^.-wJI O^^l^Lr^^J--'^ :0L* jjJiJI ^Luj>-^ 
^ LJ1 (> -ili t-lc 2lIL 2u>Lc Jjt ojuj .4^L.j jj**- 4jj^ (>> ji-t jjj <J 

. UJJI (-SUj J^ 1 ^ ^ <>* ^ ^ ^ * 

.TheTetranucleotidehypothesis (#) 
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j__j ,( 1941-1881 ) <±*mu>± jui^ _j^ J^U^aK ,UI ^Li-^U 

. jJL_) 4 mtl SjljjJ LlJo lU>t <U Jjuu (___LL_Jj_j Ij^jJj^jjiuLa t±i >.L 

i_;T 4jjJ jjSu j? jj_t — j>J1 l->L$_J;\LI 4_u — u_U L^_u_C_J1 (_jj*j <__ic ' * <^ 
2l^UJI <_jL_ jl UEu j£Jj .ttljjJI (j-a*j (j*c! <JjI__3- (jjl j£. «*•< T.ill 4_u 
l__JjJ_> ___! Lil t A *i<j jl 4__i_4J ^JbJbj t ftVjLJI l_)I u (j_a £j__uiL jJ-__u 

l_.l_._cji j\ ;l____l juji __j :_? ^asijjJi LbjL*] lj^ 3j_u^ 4j£.j___jj 4JLul>- 

4_C j — l-j jjKjj jl 1 g << <i j (_--JI Ljj_T,<,t| Jjjo j-a 4jjj}jeJJ (oLu__j_UI) 4_l>JI 

jl I <j >< o jj tL_jl__l__o J}U »j_u< JL>.| __JJ J_51_jj 2_j_Tl__JI l_jL_» j_*> ^j__aLj 

__-1jJL_u JjU Vj LlJ t rt(*?,<Tl jl j_Uj ^ _-jJI __«1j_U__!1 £jj -__uL_ul __-i LJ j_Jj 
L_lljJ__U L^-U_L jjJ jr^jj Jj->-J t__J_UjJ_ < rt ,,.ATt<lj ,4^_tL_JI L-lLj £_« J_*_- 
JjON L_LU t jLp- Vl L_Jl__ <_-_* _U_tt L_> J_, , M.JJ L_t-U_-- U_*JL>J <4jJ_ jJI 

^j-^lj.J^yi^*,^-—^ V jl <4 U.I— i.u 4_u_- j_. jIjT l-J j JLa. « .nj 

(___) JUCvl U-t jl (j-C«J _l)Lj___4 (_____ Jj L___»J| ( 3, lfl> j1j_L_Jl __L_ L_ljl »_) 

j_« j-Ja_»J1 JSLAJI jl tS_i-jj__ l______»1j tj _,AlJI jlIc i_JjjjJI ljL^jJ-M £jV_c 

j_a_~ j___oVL jfj *j________J1 jf 3jIj_pJL 4_Jc *Li__J1 j_v_«iJ 4jjjjJ1 CjIjj-UI 

L^uSLJI ^juo Juc j-CJj .4_j_u_>j_fl jL_ jT jjj jlj___JJ 4_ul1 Lj-llC. J I o j a> 

IjLlo ^jjJI ^j--»f i4jjjjJ1 cjIjj-UI (j_« JjL_J1 jjlL ^jJJI (j-« L^_p_Lj 2 jjJtl 

^oJj . 4_p- (_-J*J <Lj__i!l Sjjj-WJI 4 JJJjJI CjIjjS-U 4J^I ui jj-iJb jJlSj j1j___JL 

4J <__ — ______ jt Jj_) 4_uX1 4___|jj ( I Jl__ l-JL>. l--j£> 4 — u__u d-j-ijj-C, L__ __j_L 

L_6l — u«j_i*V1 1 1lu. jt JLjj t(4jjL 4jj_*. 3jL_ ___S 4__.j_<___« (____! jj) 4_u_C 4 jjU-I 

^-JLc (1955-1877) ^1 jJljjjl ^.SLjj^^l L__^jJj_ujj_-jU1 t^L j-___. 

(j_S jJ_a_Jjj Jl^juj ___ (jjjJjJI L_tL^jJV1 4-u,ljjJ Lcj__la j_< JL_j t ^ Lo _M j\-uiu 

.|-1913 j-L*J1 Jl_j) __1jjjjj_ 

_5Jj_9j (j;j-L_| ( n<r t jJj — Ut-JI (jj--J1 l_jL-j_uj| 1 j__j l_jL_jj}_j JM _wj 

L_)1jj__l1 jj» J_C — ui Jj_*_u jl L^J jSLcJ (__jJ1 4_UjJ_J1 d-__J (__!_. 4__« J — aj-II 
4_jJL L_-l__u1 (__II1 lujLcjJ! (j_-i 4_ujL 4 1 i,i1,,i (___) j__.>)1 J< u,11 (^-Jl 4jjj jj| 
4_Cjjv»_4 Ajlajj (__JJ IjJ — *c ^J iC-iJ-LjJ-C ljjUo j-«Vl Jjl 1 j_>l c\ . j jjsJI j 

j-*_L-> UJj) (_^jLj_4 L>.j j_-J__ (___> 3jL_J1 J_tC 4jJJjJ1 L_j|jJ_m j 4 
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ZLt>L_1 cy* cg.V..r«tl juj 4^ L>L. ^ LU cSj^ (A Petri dish ^jh 

<_jjJt1 JS S-5j—>.y.t 4_j_UI JjJ*- _*- |j__ jt Ij^JJ .SjL__11 

4jj5jJ1 oljjSJtl -*lt LM-JI <j- J2_j L 15*_ <jl • j--fl J_-_ll 
^--£11 I j_ L (j_!j • UJj^ c^l ^ ■> - ^**^ c> 
2lU_ Jjj-. <j_ <j_ju U-_^> L}UJ1 _u__ (> 4_J_I1 SjkiJI IV» 
J.^t 4jj_j>> jj!s5^^jLltl«l ^<jo__ Jf**-1 Cr^ Sjj^U JLJjLj 
<jl_ U ijja.nl! v; ■" J*t_l <jl CWJ • — L_X1 4_L__lj :U_J1 W 
. J}L_;_ U.UJI j-ji. ^LL-JI o^J 'J—- 11 1> '** 

J£ JL__1 J*_1 1 j- J- jLM -^ 1 _ 

JJ_ J_J1 1jL_ J_iJ.Ot^^1 __--<> tP^J^^ <j__1 <> <j>LLJI 

^jLill oj^ J*-1 ^lj-^ <3jL_J1 <> ^l c^jJI ^j^I 

. Jj*_J ■ - ; -M (>LJI JLjJ__J L__.L_ Lja_> (j_iJ <j! *j--La J__-i 4j_ 
jj^L(jJj_ L_ (j^UI ^^-^ Sj_L-_aj f*j*^1 Ij^J^j-^JJ 

f LJ1 <> ,1_b1 ( - 191 1 ) (^jl^ <j^j , jJjil ^j-JSJI (1972-1909) 

. LLju! ^ juLu _jl_ (>9 1940 

^Lj o-- J- u--- 3 1944 f-H <Jl J^ 1 - 
Atjj ■■ t,l 4j5L*-jSLII S_U1 «u. tj„_- ^jJI cpU-1 lPj^*j 

^ (J^jJI JL_J . 1928 ^LJI Sj_ Jj - ^ujL 0J-.L- i£ jJI Jj__1 <j_ 

<j„ I j_ 4__ L** 2_jJL ^ 1j_ -I iJj^I j1j-^>i W_> ^L^_ _ 
2LJLLJI vj---1 l <y,- -—L-' V 1 J-- «- V^ <i__ui 
c__JI cy ^ ^ 1 u^^--' ^o^ _IS^^~I 

^■■-■t j .LjJI ^ Jja-I (> 2ljj_iII 3jUI (jf J_ IjiAjjj . ( * ) <Gj__i 
f LJI 2Lj_JLI __JI ^jj 6^J • -l--il <j-J1 O 1 ^ cĕJW 

(j! (> ^jJI ^ ,2Lua>J1 SjUI USL LjJI jujl^J I jjjJ___j ^ , 1944 
2l__iJL jU_SU j_a I jlaj) Ll_ 67 j^l jJLJI i^At 

(^! 4L^j^% JL*_ (^U^I (^0-1 __J1 1 j_ J_ (^ ^j Jaj_Jj 

•l/jj 

ii^Lij 3 ^> <^iJ _j * juSjJJj^Lll <^Ijj - ^!>— ,: - *W (*) 

. f 1940 r _t a^U! 4_lj ^ ^—jj 
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U.LfcjL_i JL_a1j__ 

Sj-*iJ <i* — _JI cA__j|j i^j-J jruj-- (ji JSJ cjWjJ! e__*__aj <_dJj «j 

j-LJI ^jL__4j J j_— J->L J (Xh^l < -r} 4ijj j _-j ^ SIWlU J ;4__ul_J| 

l_LcjL_L jjjj! L-IU-v <_-_! 4_JL_J1 4_u__u jJt 3j___>J| j-_-_JI j\_b- U^4 * 1944 
d1jj_£jJ1 4jvjJ ^ J.n^ C_-p- . LLu3 ^ _aL__jl___ jjj /*^ ( - 1905) 

___i jru»L__ (jr^aSj jijj-c, 4___L>. ^jJI L__l _L__T_M ^.Lc jjfcj 1928 j-l *-l 

LuLdJ j-Sj — <_xJ j! Jj_1 i( jjijjbj (jjJja J-vc Cj-p» 'Ljjj! ^yjj jLc ( Jjj 
. LjuOjJj^ 4jusLv c ___ 4-lUaJI 4jL_w 4j__j ^jA^Ij 1935 ^l «t| ISLjj_«T ______ 

<4_lLl>J1 cjLjH! J— -j W-SLu LjJI j! jl_Sjj ^jJI JjJjJI ciLcjL_i Jj£ 
4_t__<_L <Lujj < jjLJI Sj <\*s j_>Lul jfjU*i jf jj V LjJI oL_j)_>. jf ___j c j 

4_u2u J_L« 3JjJLxJ| <— il j irtlTI ^jjsd uulj . Jjl_ j_« LdjjJL4 jl_> L-4 !j__*j j-_C? 

y-d ^jJUl) Chromatography JLjJ! lM- j^jjL«jj-CJI» < jljJ^I J____ 

4_l>j_J1 L^jLjSw4J jL_>-^/! j____<Jj C_-l>. (4j __jjdt1 -_ijl_*_JI jJLa 3jjx_> J_-u-il 

jj-ijJ-JI Jj_sc_JIj (3jJ — M (_-ic j_l>J| _____■ JUc 4__u_ti1 LgjLcj -u lj <__>. 

CjLu-CJI J_____j dj^Lojj _-_L_.jl __ <>J___l__i!j , a ^-+. A\ 2ub____jjvLJ 

t 4_j| V| i<£ — -«Ij j c-4_ £jj J£ ^-3 IjlvIj jl_> jjj LjJI jjj-u jl (jLj 

j? £j-->1j .(LjJ! j__> ttUj £A JJa jjj) j_vf ^Jj <>jj jj» Jj^LajJI Cj-o. j — a 
jjL-uJ1 |j_- j_a jSJj .<>lj_jVl jJju i-Jlstil LjJl jja *>!jj| jjjwj^jjj J_j V 
I j_A L^J-C (j-LJj JjUuJI jja 4-j.jj dJl — L_> jl Luajt JL>.J j-uSJI 3--»_JI \c. 

___* Sjj_j»jJL1 4___itil j__ijVl jlcIjjUI j! jl_-wjj . LjJI oLjj_v ^ j _x_tl 

L^gJL a J£ jrUJJ^Ij jruljJtJI j? (iJJj . jgah-Tr a (j^JS-ui ^ j^iaj LjJI CJ_uj_v 

L-Lj Ll_> i(purines) oLujjjuJI ^ _.!_> 4_jjjw ^L^u^ 4JjLc cjL j_ji j « 

(___■ -sLcjLi j__uj t (Pyrimidines) cjLu-lwj^JI j^ jruui!! j jrj ^jnuill 

^La-w) jL Vjf j-l-jj .i_-LcjL_- j__Ij_^ ^u_iL __jjj_4 ^o-ol L 1950 ^LJI 

^L-wJ £A Lj(j 4jjI — -_la G + T LjJl jj» <hc Sjj_j.jII jjjjjjJl AajS 

L_jj iLjj T 4jji^ (__<_ A iLulj iSjj^jil C + T jjjL^j-jjJI 

3_JJ| 2ljJ_i l — >.L-_<i jucl jj-JI * JJb J_JUjj . Ljj C 4_jj*_ (____ G 4-m_T 

.[sj^l] - 2002 jjjjj 20 fjj -iJjjjjij e-a -_l_j_- ^j- (#) 

289 


LM juj . _jJI <jx. "jjj double-helix structure 4>.j_jJll 4_^jjJUJI 

:-Jj jU"t t j_u_, ^liyi ^-JJ ^jj-LseJ jj_j eJJb — UL _u _^ _3j_j ^^-J 

.^<__1 j_JI 3jjj <- < pL m , KH 

OLjJ___, (___> l^jf Ott j JJJ jl-U _J4*U O! JU ^pJI ^Ojjlj-Jt *Lljj_< oi 

_TjjjJ1 JjJujJI __9 3_j_*jJJ JoUjV| j, J.»n" L^LLalwil (___■ <jj--1 

£jjj _j1j jJI <j-_u 1_U ^j *-J 3__Aj S jj__u Lil j-j3 ' 

.___ £j_j _ <j-_*jJ1 I *' m *^LSjj\>. (jJj^J^ _5j-^ t^b-AJ J-L-uj _1 
J___uj 4*_LL_J1 £jjJ 2_bj__ 4\uL__»_>. oljUr. _-_£ £_L-JI (j_L__ J^jju j 
<_!} J_u j-*j (-i- U_b ojlsbj U jA lo_j *5j jJI J_-b ouj>_jyi 
V(j__ij.<_--^jLi- «__.U-j ju>3jjJ1 jiu___u ( *J USjjJI 4_>LL (-JU^j __- 

.£__UJ1 <_-J|3j _Ua j__ll _j__wjJ(j5Jjt__(jV^^(jr^ Jj_^jJ1 JJjj 

jjj ,3j jJI ___ JJJ jJjj _ij— (_d _^L>. -_*___ 1j ( -s_l__J1 * J_- ___' J— ->J 

<j! J_5t_J .0LLj-_JlJ1 <__ CUJ_- (j_I1 <_)1jJ__J1 £-A ^JJ— >JJ (j_-_-__J (*J 

3_j_j oLw_> L$jf Oujjj—jyt <j_L 4j1 Ju jjj <U_» U (jl j_ p__ ^l /Jj— Jl 

^\ j? U i i? j A-.;„ ,-a;ix UJL_-l jl-c ^IjSJI ajj__ 4_tj4j_x_> 

. 2L>. yS 3j jJI 31 JJJ <kj-rj <j? (jSUj _ >— « (jjj__] 

<jj» Jj__4 JJ__J ____ £*___» oUjj_CJ^Ll 4__ujtj_J1 (J-lj— >J1 jl 

,3j jJI J_-L 4___I1 cjl.gj" «>• J_ <JJL____ <_-<-! oljjj-_jyi 

Ujj___ (jt L_ <jL__ ij»jU JSL- u i i _u_j _>_J lo_ jl <>• i^c-j-1 cr-^-J 

CjVL- (jf 3jL_yij jjJl>.j ,3lj_JI Jjjv 4_ J"V fl _)l jljuo £-a 4__IjIx L*jt_j 

(< jj___J! - oljljdl» p .nL (j^jjLaj_J1 ^jJ _L>I 4_ijjj_« ^j_> 4_U_J1 
— tjl JLa Jj» — _J (jl 3jjJ_v o_jj__i (jL-UL (> (^j-l cr^i *(Shells) 
<±.j"r i j...»"io 4jt5j _j_L* ^jj__J| J-* (jt jj-— i j -J ui^ 3j_-Ij 3j___a 

^-umu t 4JL__1 jj___1 (jt 1 ju_ (jj-uj .3j___l - jljll J^^J-ij 

3j_tx_4 * L^j -j^_JLl _jUjj_CJ)?I jjlc (>x (_-__iVl J-*J1 (__L c_mC__1 L^jt 
(jl_ Uj . L-jjjj»- 4__u.ll jj .1.311 t-i- 4_U_JI ^ jt _-L___J1 d^L- (j__- 
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sj^jii ^ijjJL a___uji 4_.u_u siiL=w jaToi^ t4 -« Jf-— l: m *j ^Ht i 

_____ (j_J_1 O^jj-SJy 4 * L$j (5l jJJI __!)' «jtSU Vj-f <>» 4_L__JI) 
--Jj-Tj t __Ujj_UJ 4_uU_J 4_____e L^J SLJLJI 3j Aajl j_*_j . l^b 
__Iju__j J_-ju _d_J jj Luf ^jJI <___ ( a__}LJ1 * j ^sH 2. 
^li ujAlh» cn^jjJ^I Sjj (jL__ __J jj . LbL& Jllaj <j__ Lb » j ~t 

^(j^jj.ajji^uisj^jJi L43j__j1.ii <__ _u~ij ujj^! ^jdj ^Wiij^t-- 

JiJ_ OrujjuSJJ _j_j-j Jla UUj Lj___L__4 1ju_ (j__J 4_iU_J| J_| ___ 

4JUJI ^ U___j LISU J_iVl <>_ J_*j jt c^jj^ o^Ujj ,3j_______II 

JlVl <___ J___*u __j__j -_£j___-T ^'j^ -oL_jV1 JjjjJ- 4jj_________JJ 

*(H2) c^jjj^JI -jL__j> (__ __Uj JLu .jU ujlh^I <> 5 ,^ __L_ 

O- 4 -«La_«J ^b " £jj Sj_ J_T(>» J_v|j (jjpSjJ „11 i±c_v 
(j-_tj .OL___-M 4L_l_T3j_____ 4_L I * *j^L, ,-. JJY J (jj_ujjj| 
___U_Jt __>L__ __j_- (> _ySu Ijuj 4jj____JJ 3jLp.jJ| 4_jJ__i <___ (j^JLM^l 

J__L_jj Vj «atomic nirvana ILjjJI l_L_ j_jJ1 3Lc____t1j i3ju*~ -JU. ___. 

* *<_T~~ _>^ 

t(-j_JI J_l____tl t ^JJJJ_J| J >0 JL__lI| p\ ui CjUjJ ____ Ujj__U_ -__J 

.(SjUJI <__ -_L_Jjjjjj_ 4juj| ____ SjMc) 4__j| j_ (__ -jLjjjjj 4jM_ 4_J 
U^J ul<_a U^la (jLul j-i—JJ .4_£.j__*_* <__■ __Ljj__JJ 4_>_i jl>.jj _JJjJ 
pA? (ji t 4___uJ 4_Jt_J| 3j-___JI J____jJ 1 J_-1j j_?j_y_) _-J j VI Sj_____J1 (__ 

4 Sj___U1 ^__> 4_uL__j__ll _$__._>__ ___^j(jj_U_>_^3 J _.£jj_.jjj^ 

jj_U1(jj>^yi ^JLA^^j^jJll^ J_uVlj4-ji__JU 3j_l_JI 

'fi>_V- , 0* <^-uJI j-b I jL_j « j_jJL1 (j__ juu_ , I 4Jj___UI Sj_____J1 ^ 
ULi___j__ (^l 4_ujj_JL» jj_UI ojLpS-yi I ju_ (j-, 4____ fr LL__l (_Ij ^ljjJI 

-L>^JJ^-t 4j_U_4 4^L_u_T _>_»lj_- 4jj 4-JL_ 4*jJU >U.L__L- U j_L Jjj 
.1_UJ___j___l_J| Ij^J^jjJI J_uJl j--A5lj:^t(^__Ujjjj_J1 JJL-__(jtj 

Sj____J1 __JJ __Ujj_<JJ 4_L__Jj ,Slj_JI ^J --LIjjjjj 4__Lu.J (jp» __Jj_; 

-L__ ^Lum_J1 (> tijJkj^ JJ_ UJ <j_uJ (^l oLj^j^uJI JLicJj) -__j__J| 

__Ujj__JJ Sj____j oLujjjj 3j_____ 4j (^jJI (jjjitl __JJ l_U_Lb (^j-uJLl I j_* 
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ojj^Ij -M-Ji h ^sti ^ ^usj _u_.-*i Sj__-_ji ^ u__i « 

^jI u- -J jju u? _tjUU 1 U-SUiJ < J*U. jL_ ^jJu^t Ji« <-___* 

4l_i__U Cj1juxj _JU_ -U-p* j___L__J 4-uLj^JI <j_>lji_U jj_---U J__JJ1 
OjjjSJjj jjJJjJ 4_i__>i Oi • ^'j J*-* ^Ai» -^JJ^I Jj^l l?— - 
(jLLiU.1- jl3 j____ 4j ^ jJI t ^jJJj__J1 _Ji jjjJJI (j— « Uj J___u ,Hpl 
tJjjJI _J_J1 fJJ_J_-J1 J**JJ -£J-*J1 Ljr- J_-- -^J UJJ^b U--~^ 
. 3 ^jjJl *_j_- ^jJI *,»jj_JJ 4J_U_« 5jjUj^ tpjL_> 4Jj il 1 

££jj£ft *Lc*u_j <> _»A__rJl JobjJ» £J>+> 

0_jj_-JVI <>a U.1 jjT l^_«__ JU CjI j jJI <jru 4__jjt <jJJ-- S J~- 0i 

JLcj 4j1 j-JI 1^jj_^m,1 4_1U1 4<Ul_J1 3 j___J1 JU_ JSL__u J*__ 
, 1916 r l_j| ^ (1946-1875) _vujJ cjjJL-. ^-u^l ^jj u _U__t 
Covalent bond c_1jj_J1 <ju t-g M J-IjjJI (Tjj-J f— __j--j 
u_1_ J1*j <jjJ1 ujjj-31 *U*j_ ____>jJ 4___w 4jaa! cjI j &J — _j t model 

4__uj) Cj_jjjjj4__« U^OjJJ-^l 3lj_.J__aJ-__jf <j-« L- jrUJ U£ t3U>Jl 
.4-j^.U 4jUj_-=w 4_.jA*-i (^S -jUjjjSJI 4__w <_-_- 3j}__ ^CjUjjJj-u 

js: yti ^Ji ^j-^i jv<__Vi 4_aji cjU j>3__vi <>* -j-- 1 S - Lt 

< juJ_a__tLi j-_> 1 j__j i4_jjl_I1 SjJ__J1 J* <__J (jJjjw^/l 4ajjV1 (jrt_j_ 

<j_Ju ^j-l o-jj-_!V1 aju* <j_, >_> jlj .2--^ 5 J---* JU-J 

*iij>- djA; -AJ^jj (j^-jj^^l S J^ 4___jl__ i^jJI jjj__lVLi _j1>- jj jl 

<>_ SJUK 5j_-_- Uj! ^jj J_.__.jJI <> oj^JI S J^ ^ <( CH4 > uUJI 

^jj ^jUJl ^ 4jujV1 U^JjJiJ^I <-i1 ji 6- JSj ^UjjJ-Jj 4_JUj 

2L^jUJ1 S j___I1 cJl. I ijj .urujj^SJi (> Full Shell 4U_T 3j-___ 

^ 4*Uj J__fl (jj£- *_3j___ 4jj_jJI SjjJI U l_ <Cjlijj__Ji 4___i L£> 
CjLijj_-Ji 4j>_ ^j (j-^ 'U^J^_4 J--C_- (^ 4J_jjt 4_M_ (jjj__ 
(j! l_J_ . ^-«u- « Jujj» cJl-' ujj tP* ^>j' J-c Uj__«Ij (jl_ J_A- 

^♦^Joi- 4juj! j A3jj^f l^J&ui 0^(^14-^ -^l 
. i^A-ii^ JU_ L_ __J __Jj ^j-JI u_jjJ_Jl ^ c_ J UL____t L_b (♦) 
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1«jL 3--jj-»JU 3lj-_J1 _-Jj ujjJ&I olj ^atb 4___L>J1 4___jj*_-| > - -"j 
Compound jLl-L <jJJ £__._> <jjj>--J1 jj--*j I *^j_sVl 4__jj_M 
(j_« c_ujx. *_____j (jrt^jjJo^JI olj j j_£>T jT 3jj L-Jjui-J l_jj «maker 

I juj l_3j__ — oLcj___"_«a jl i_£j_**f (jjjj^ olj j jj-w_ Ljj - *rj->. 

4jLi_I ______ -_iU___~l L^jjJ (jjjji-J1 g-ljoj^ <jl ___*( < « i ,<t\\ jLu_ ___». 

.3_____;l oLjj-^JI <j-« 1jl>. j-ujIj _J-J 

(Ionic bond)^j_»Yi___b > Ji 

<4___jj? CjIj j — Jl 4_> J£ — __j <jl ^jSLi*-) j->- 1 c-JjJ ljuI J_>JJ lLLIj £. aj 

4___jjI < jljjV1 J£ uulj _jl _>--«J .^-jjjj «^ill j ^jjj-JjM __Jj I Jl_» L_j jj *jj 

£j_J1 \jjt (jV tJ__^j-jj_j___JI |»jl%j __j l__j __ I m<I *4__jjj__J1 ^jujj 

^JJM L$j (____! tj i4_LXjjJI L*jL-- __ _) *____! SjtLa ___> 0 J_»_i 4___jjVl (j_s 

Sj____J1 __ t j L _*_L__lj t( __jjjVl __>LjJ1 ^___L lLLjJI l__j__jj t NaCl (_;_LJI 

t(jjj ^«ll (jj__J1 __JJ j £_____) I (jj__JI (j.4 JLSoj-M Sj_i_4 _]^L>- (jjj_J-> 

<____. — <—JJ t n ( ~> 5j*V rtlt _)_*___ _M ^!>>J (j( __J (J ( *-irttl (jt _^J |U__jJ1 __JLc 

<>_ J___UJ1 .(1927-1859) o-jjJjj! -__jL-__ juj_-. __J| - -^j_M 
J-i^ _*jj t 1903 ^-LJI ____ -_iLjj_M JLe_« ___> 4JL*_-?(j_- Jjjj 3j _L>. 

Jj-oa jtjj__i_Ilj (j__Uis-1_t (jryLl_T _/Gj — ____ _____ < l_L_j__ L»^ t^jj_j-__JI 

___Lpj ___j__u__ ( JLp»jJI (jjjjSjyi 1__A (j_* (jr>1V*(TI ^I_L_m — uul 1 jjj . (jjlU 

Lal_4J «L_jL___a <__< -u-J) (jjjjJI 4_aj__i_J, 4_jL__ _->L_jj__-J| 4_«jJ__L- 4j jJ 

3j_L J ^ j. uujn 4jf (_--_tJ ^jJJju-aJI Sljj _-_*> (>L__>VI (jjJjj-JI (jV t(jjj__J 
_>a t 4j jji-JI (jSJj .4__L__J1 __*j_*. (j_- 3j_L4_J.1 ____J i (oL_jj__Cjyij j__sl 

-L»_lJ_u __U___j) -__jL* _. ____ Ljj__CJ1 17 (j__ J_u V La <(jjj_>.t 4_i_-U 

(j^_JL-_i (_n3j <___ J_-1j l^ _j4t-w 4 0 '( a t (4j|jj (___) Ljjjjj 17 Jl --J1 

4_La J_-_U (j? (jSLoJ JL3-I j «_____)) J tOLjj__!JJ 4__i -u (j_« 4_J_3 3j l___j 

jj-SJI 3jjJ Ja__JL Ljjj__>J| |-jjjj___J1 3ji Urt lijj .j-^ToJlP^i 

_-l1 _a_w (_____ (jSJj t((_Jj-____JI jjJ__JI -JL-w) Li_-j_J1 J-LjJ I ^uK (jl— _. 

4jJL_- t^jJjj_u_J1 (__JJ 4j — _a_JL 4j>.j_« - -LLLS* t-Luj^_> 4__* __J 4_»j_» 
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J*Aj 4_*jLJ1 jjJLlJ1jfjjjj~-J1 c-Ujjt LiL-^L-lj oj kj( o^l 

Jj j_U Lit__ U>>. 4-L..Vt 4jjjL 4vaj__U J___ JL^bj t 4_uj^_J1 _»J-^ 

U£ 2Ll,r, o1j_*.j 3jj__ ^ j-^jj V NaCl ^U>>J1 tf <-*j>*Xlj 
XH4jt H2 oli^l _Ji V__JIj JLJI ^ 
2L*__>| j (jj& -* b- 1 —» (--' J*- 1 <jL- --1- t*j 

jj__j (j__->-t ob »05-- L-|J t r-* J L* 3j— ^Uaj * L^U3 f_JHI 
.jiiU'11 ^ jrTMU »11 UrGUJ £*>«- L_Ajj__J J_> 4^Uu_JI J_j|jj_J 
j^t jJL_ ^jjtgJ^^o^J'^*—^' J--^ 1 0*J^J^£~ 

: 50 ^l J-,mj __*a_i (j^ utl ..nt l j^lSjJI g-j>* £* uj^ o— 4 
Sji jj^oto^-^JjJ^t olL^^^bw U ^*^) L-ijjJ- 50 
'(<JL>-^ ^J^ Ujjj^l 6* --L* 3 s ^'j o^jj^ 

<ji . LJL>J SjlcL-* J*1j* <>. (Jit Vj) j__1 c> ,.nt c_.|jjj__J1 *±a 
<___ jl>Jij . 4_)jJ1 (j_« jJj3 jj-~L 4___J1 uL> 0^*i J- 5 — 
4^LSLI1 4^jXl4_bLX jJ__jj-__. j____ ( >- ( -U J^ 4-t*-*-~--l 
U__ j ,h«j _;jJI -_-t-jj_- jl — >oi t>~ j__1j ^Lc Jj3j /n 1j_JI 
J927 C UJI <jL-Ut <jUU r jL*__,l ^jJI oljjSJLl (Mi ^ 
|j_* (1954-1900) 0 jl__J jHi^j (1981-1904) jli_. j__J1j U- 
Ljuc 4_U_J1 ^Lo. w ^ t jJcu jJ1 jjjlJI t_il — __*J (____bjJI -^ltl 
Uj> O^^-Aii <_j_U1 WjjjjSJJ Uj J_ t( j^jjJ-tfJ1 (> utiji _-*_3 
<jt J^jJj .(^jj-^ uhjP-JJ (Tjj cn^Jj^W _v» l^— >-'j 
2&LLJI 4-u_T 1j_^ j_u_" j__ ^i JjLLj... ,.f^l ^jJI 4_U_J1 <--j^__J1 
J_j| jJI j ,..<t 4V£U1 j <^jU_ J^ >« ^UuSJI ^jJ 4_jj_J,1 

__l_. C-t jL> Ol m ...^.11 j^j -o^-JjJ^' ^J> Cr^ ^b^' CJrS> 

j^t IjJls cdJj jl-aj ojj^t ^l ciU ..^tl LiJ^t ^ljSJI 

*_*jj jj ^ ' ^ V (jt CjLI lo^JI C,^.>>jtj . 4jjj»jJ1 JLjV1 (j^ 

^l oUj jUI Uij <oU>>JI ^ oljjJI j olj jJI (> ^Ujjjj^jyi 
JSL 5L1 >lU1 lu! ,n >J1 L5L ^ oU>>J1 j cul j j_J1 (> Ij1>s__ «.I 
1m< UU ^UmSJI J » r ^ Liit jJ 4^ ...UJI 4^^! c-LJj .4_dLL 
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j_4> £-S--J1 I J— » ^L-so lJ^ ^ * *l£>^' ^jjJ-uj» ^Jl*. l_jJ^jjj — <-_dl £J^>- ^ 

^Jl-sj f-_-1 j£J1 ^Lj-t^ <j! (_-i-i J^jJI (_--- f__Vl j JjVl l_JiL>J1 I l__j! 

^^ic .USa ^ju^uJj t—jljjJI ^JLc <_----. «4_jJ1 4jU- JJu=t>J l_jjJL_<Ljj iijaLu 

.oljjJLJI J}U ^ _ 1 L_jj__J)M jjo^ J_u ^jjti^ 4__>L>. o^L-. 
(j-4 L-ji- ^L^uSJI J__>.j «L* ,1j-».Vl J* ^ ^jJI AA \ oi 

L-__»-i(jl_ J_J.(1994- l^Olj^jJ^jJj^^j^Jj-a^l jj-w,L>-t--J1 

(_a l_-__-___J11 J^-jJI ^jI J£ (j_ JLSj (jjjJI *U1_J1 *Vj_> ^ j_>J 

4^L*j_J1 4__Jl_0J1 ^ 4J 4-l__ <^jj Jj! J^- Jj-ac-. .*_____iUI o-SUI 
( jjjujl 4jVj iuU) JjVl < M ,,,11) oy^3^ V** jlP' L>« 
f Lj_4jSJI ^Js i>1jj___ijJ1 4_>jj JjjJ -dJj jl_ju (j_ujjj 1 1922 ^L*JI <-_<_ 

<L_vjjJ1 _»j__& ^ ^ J___>J t L> jJ j iKTJJ l jjjj_LJl-> JLgAA (j_a 4 — ^Ljjj__J1 

o_tj ^jjj jj ^jJ jLS_! 4 — j-s cLilju mjjJI ^.LaJI j_»j * 1925 ^UJI <__-_ 

<>_,"< m,J1 J>L>. ^_0j_Cj_- SJLaj <__JLc Jjirt-rlt Ljjj? jJJjJ jljj . j__&l 
.^*_u1j_CJ1 L^jjL-Ln \-$jjS> l_-_* __jj ^jJI _-fljJ1 <___ 1jUJ_>_ ij^-LjJL-JI 

4 — _l jj jl$_4 ^ <j_L$Jbj_C <_-__ ,<u <^jj-u> ,J°> Sjjii j jo mi 5j___J J_cj 

J*" *£Jt$-l) <_r- J-ij-iJj ^ OdJjl t_-jJI u^-^J ' JJ^H 

.<jj__I (___ £Ijj j-LJj 

(_-_ 4j_*jjjJ1 l_L____5_ — __1 <j-4 *4-__LitJ <j__i1jjJ 4jj1j *«M jj j-^jajj 
^LaJI (j-4 *(^j--> (»-- 'JJ-&I ^ljJ (jiL-C . LjjJI 4jjj <_al — -__l 4____5 

4jtxL>. (_-_ ^jJbj .^Ijj j*LJj (*__L UjI j j-^j — _1j il942 (___— -j 1862 

(jj _J»j3 .(_-_> .(_;_>. ^-4 j-L__ SjJ, J-*_ J *1884 «J1 (___ ^Jl__J J 

(jj-jljjJ ^LJj 4JLtt jJjl_--l>. tLJ1j_< — _u! (___3 JlJ j) 4jl>-L>. _-JJ <jJlju J-_1iI 
<(_>_il 4_»__!j L_! 4ji — ti\ (_-J_. J___i1j .(^1 j-» o*u1jjJ _Lj j^ " m >1j) 

^L-JI (___>. jjLlJ 4jL4btJ 1909 ^UJI (___ 1j_L>->i <_-Jl 4j_>j£. JUU J — <U-J 

_eL__»-a Jjl _ijt5_j luIj *4_l»j»L>J1 (jj — J 4-J5» (j-J} J — ___it ^_j ; 1915 

j*L»J1 (_-_ 4Jjj*j («JJ .(_>_?! 4j__iV (^J-Cl JjJ-JI lhW-' u-°^1 ^ — 

MjjJI J__ll (j___lj 4 (_-_*j j_0-_^Lp4j i( _-_JLt1 jWJ Ijjj.4 1923 

(«JL- ^jjlj (j-4 Jj! y jj (*L_Jj <j-^ .Cj1j___« (jJ_u Jju jiJjjj -jlj 
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l*l!fejUi 


1 4_i^jJLl 4jj<r>.tl —L-y-jJt 4_i_u JuJ___1 4__ <i| Jij-p- ^jjVl 

Jjju <^ej (j^j— Jl -^Lljj <^<r (____ <ll Sj__tjl_,t L_^jJjJ_C_JI <jt (j-a r«---jJ1 — 

.S^JLI (jg j* ■ « * <_-_!} Julj 

jlJ_>! 4j_L_*_j _1 j.MjjJI (1971-1890) _1j__j o-.JIj^ ^jjj 

J__o1j — _*j-»- <^jljji<u^ (__J} J — STut j*j /.(1908 ^_L_J1 ^Ja L$_t__ — j *-*j) 

1910 ^LJI *Ljj_i_1 Jj_>_ ^ t _L_-oLjJ1 -___j,tj._ 4j|juJt «___ 

<j__IjjJ J$J _1 1 J_S_j . 1912 ^LJI ^ ^jitJj .-_&! 4-iC.j <____ «J _j 

-L_aL_*u l_L — <__? ^LJj (jl_? I »i iji i^JujjMM^ ___3 Jljl seu? L_Jl_t___> 4jLl%. 

(Jh—TLo <jt_j ju—j 1912 ^LJI ^jja LjUl j — « *Lj| cjjjIjj Lojl1_ * jj J 

JjAi. _>__] 4j_i! jjo^ j__. .^jj^ -L_,U_j (1960-1879) jV <jj__ 

^jJJI 4jj->_ <___} cj__Jt Jij j-k 4_jjj_ LaLu _-aL_j I Jukj -^* \_ljj LJt 

1j-H-> j___! (j__| 4j_.V 4_j_wjlt Jtj_>Vl <jt <__!} lj__j (jSJj . Jj___Jtl 
«4-JjUtl (jj__Jt» U±i 4it_L_l 4_L_ll <jL__ ( _j_ t __JJ 4_l_wjJL1 Jl jJ-.-M <j_« 

^-jIj — 1- (jj-J -__LsJl 4_l _JLt (jl (j^-uj . Ij-Lt-" jJLt__>! <jj__u <jt J j V 

4____f <j1 <jU_Jl 1-1— __!j .4_o^JLl <tt jV LaLu 4j — <__.____*. SjjJL ____ _ljjJ1 
£jj_J| J_, t 4 j r ^mU L— Lajj-^SJI 4_vjJLl (j-a Jfx — i_- 4_aj___>JI <___£ <____. <j-_--} 
<j_« <_-h*1_JI ^_Jl tj_ 4_u__f j Jl_Lj (jl t *tj ,j <^»af -1 j-*-j * Jtj Ut > Ctj 
(jj— — Jjlj 4 — L_i1jjJt _»j_ <j_c Jjjj Sjj Lj- <_i__. J_u___w jV <jj_3 <jf ^iilj 

. r 1914 r LJI ^ .UjUJi (> 


^bjU_l (j-a _j-fl ^Ll4w*OI _ ^lj-i jo-Li 

(j! Juj t 3j__u»_<s _lj — j_v ___>Lc_l (j_--U (jj.. JJJJU l a jV (jj_. JjJj-d — -_ufC1 

4_— ,- * _L1 _LxjVl 4-L-U-C ^_3ijj _^L-u__i__- 3j___iL_a JJlscj j( ^U" ^J |jJj--J1 

_l_| — ^tjj JT (j_)L_ .(j___TJ 4_» — __l L^j — __u ju>_j ^yjJI cjIjjJLJI 4_Jjj 

• 4_SCAXl j-4 t flt"V_i (_-iLw ^y— 1 ijia J-J Jxu_J *j— -VI ^_fl L_AJL>-t SJuJlpJI 

(jjt 4__Ju J^J-L-II j — « (j-C_cJ (____! I JLclj_! JJLs-. (jJJL—tl J-A ^ljJ (j-u iljjj jLSj 

Cr* J^JJ (j-MjJLJj-- Ijl <r LkljA-wt ___JI 4jj_*_JI ^j_m-_- jV 4-_9J_J L-ji-J- (#) 

(4-b4X>S>J (_- JjJ_5jjlj Cj u-ljt <--Jj--> (JiLseJ _£JL(_- Ll-b JL»UJ l^-jjJ-4 (j-3 4jJ___iI1 &Lj_JJ_JI , 

.2jjJI Sljj Jj-^j (j_- rinili^ _^_tlj i(jJu_jL-) (*i i<i'ij1j j «jr j_l_* _>lj_>4 (_,_! 4jj_%jJI 
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^i<>^> f A^i Lj__, ^jj^ J^^^l^i^ij^j^ 

i-J_« !___ __L„ _|_ ^jL 4^_ ^ j^ ^j* JjL _|_ _>_! 

_J o^i 4— -1 .j^ _,L___| ^ j__ j_J .;__L ^ij j__ o)jiJI ^ 
4^jX1 JljL _| ^ _j ^Ij^lj, 4oi, i^iaj^Yois^yu 
_U> r LJj *____. ^j_J| ^j^i ^LJU Ji.jb L_l_j) ILL-J) 2< y. at i 
t^b^ Wl J-j3 <__-! :_>LJ1 c_*W L jLj__j ,(1913 r LJI ,___ 
c__U-VI _^f^J_JJ 3_,_j_J1 _J_ Laj ^Ih <jj-- ^L ttj^ 

Ue c^<J -_-Ull 4_LL__J| __J1 ^ ___J| __L__J ^Ll 
cilj^l 4L,LJI __L_tl _____ |_j ^j _______ ^jll JjLJl juj^ 

c> ^ cP- o^l - e^jll JjUI uij__ 6 f _j__-_^ <5ji LJ| 
«-i oljaJI ^UJI oliLJti ^UJ L«____ iusii r l j_*____| ^jl^yi 

l__- >L_. U L oUj— oL__4l j^___ 6? _^_JI _J_, IJU .3jjL 

(iUI _L*J1 j__ Ioaj ,Sj__J1 3_ i j__J1 j_l^| ( (j ^ 
4-j~« J, t NaCl 3_j_« ol^ Lj ^ f j_^_j__J| ^ j_, ^ ol 
Jl J~_j . <_______> ___«_ <__ 3_J___ jjJSJI _t_j,fj r j, JJJA j| oL_lj,t ___ 

_a__T _j .ceiJtJI ^jiL^JI _;_„,____, lj__ij t „ <6 ,vij M .l ^lj, 

__---_ __u - 1915 r l_| <__ «^jj^lji ^ ;____ f)) . 6 , ^ 

<_r- o-biJ _W f -Uj J*-j ._>_*] U-lJal ,Vy.| _,_ _L_u_ LL 

^ *_----» ^-^1 ^__T- 1 4_L_- _____! __Jj ^ 

_____ j_,j ^kj , L_j_ ^ ^LLjjJI _^_j ^^jLJ^^^i 
o-ljji 6- . UAjUij ^L Jjjj sj^Uj IjL *Lufj ja 4_Jf 1915 f LJI 

L_ ^ JT O^j <L_- 25) LL__ spLJI JL IjW ^ jjL_f 
L^L- J,L_. 5j__L>JI L- L-___l ojjlUI j v Vl UJjUI j_^jJ| 
<«L ^ ^L^iJ |_i__,f ^ ^ijjj ^ 1919 ^l^, ^ ^ 
^j___ _L4 ^j, jjj^jilj ___ 19 38 r LJI ^ t 

_j_ Ljj_.j ^jjjjli ^j>lji ;_ui a__ j_ai ^ 

ul a 4, J_j ^l ^__ ^ ^ f 1 1954 r LJI ^j^_ 

. r 1966 r LJI (_* j_,L_ 
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Jjt ^tj ^Wi r W* ^ ^ ^ ^ 

1922 f UJl ttj>4l liissli Uaisiuu» a^JI 

,U UjjIj .(molybdenite J^VI c^jm^JjII JjM 1 O^) 
^ L^jJjJSiiJ U^jjiJK Ji-ij Sj^I 

1 jJt 4, jJ c>l j3 . 193 1 *ita— T r < 1927 r wl 

<jLj— j . Wiu-li oiL*l ^tj >oA <^ ^ 

a*At ^ J*Ut j^uai j^Ij^I ^ ^j-~ ^j^_-I u 
j^jl~— 1 ^bjJ jt ^ttL j*i*Jlj • l>- 
3 . J & ^lji utj^ *=-M <~r* 

S jUu1 Jlj^j .^W jtM ^all ^ 

p M c& a-^ui iiu* jiUj ^ij^ ^ ^ ^ 1 -^ 

^ j, j W 6j^- ^lj ^U^^JI oj^l ^JIj t}*> 

. LjJI 4_jJb l^Uu£I 

^jj, ^ sp-JUi* J>U ^U^l ^j. r UlAl ^\ 

^ ^\^\ l^ul^ oUlW cf ^l l^W^SJI ^ M ^ 

bjjj^ 2luI!s SjUjj, f Uj j^ jt * fc*— ^1jl_uJ1 ^ 

Sj b)Jl *L ^J .^lj^l ^ c> ^ *W^I ^ 

^ D LJJI Wl^ ^jj 1931 r UJI <P J^ 
t 2Ll^Vl 2uSUmSJI 2L^^J1 L£j_uuj «^UuSJI *MjJ1 

cL, celjj! c^u L^tj . f j>Ul o--*l ^ ^ 
jjL_t ^ ^bJI Ctf--JI tW &~ 

„r> <> UL~ ^Jj, • Ut— II ^lj* JSJ ^ ^ 4* ^ 
4iL 1935 f Lil JjU,» : J^j 5j^ ^ 

>Tj /H^UmSJI 2LUI jJI a-i^uLJ jJkj^JI ^lV 


^ U ^ > 1962 r UJI ^ - 1954 f Ul ^ 
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Sl*_l,|l-» 


4_uj £^u__jj 4_uu IJlA ^ 1 J_is___V JL_£_V1 ^_ gVl 4_x___|jJ| 4_*4_,l 
LaJI _f j_?_G_ (jt L$LP*j) ^l-luj^l Jlc t 4_£jJ,1 2b^a*J| CiLJjj^JI 
« -«ti^ i -^ j '(u>-' CjL_jj}_ <_,- J-l C JI JuJ __ Ljjjjy 3 j u^a Jlj_V 

<_;_-_ I .a^LuuSJ! 4__-j1jJ1 ^o-^j *U*jSJI - l_*J cjI ..jJ-JI oj__. 

L_u» ^}L_jj 3 o V i ^ JI cj____uj_*_J 4_jjc.jjJI otj_>.jJt j atj"" i >j< _,L_t 

IjL- <(CjUujj-J1 4JU ^ 4u_j_I1 _>|j_>.jj| 4jj>^/1 <>U*.V| J__j) 

Lijjuj .oljjj>iJ 2LJSJI Jl___,VL jliT ^J 4____iV oljjiJI <___ Uuj 

.4j__j__J1 Cj|_l_^jll__ t _)CjUjUnt1 0—^4 ^,,_^Cjj__| *L_j___i_J1 <jf 
£_J <jt (j»^u 4_t_ j__J| Cj1__-jJ| oUj____- ^ 1_5jJ____« bjLc <j! ^*j .Uj 
*L_J (jrUj ClUjJLJLl CjUj__>c_c _jr\j Ul__w lijj .___>l _2_U JJj__>JI _LUj| 

VLSL_jM Jiu_i 2L_. jjJI cjUUM,! Jiu IU, LL_U jjSy - jj^Jt 

CjL_J___U JJJ Jla _4__TLaf — _i Ujl-__jj 4jjjj_jJ| 4_i__ j__JI Cj|jL>-jJ| <j 4 

|j_^ hUn ,„tj (_A__jV1 2L_M^ 1 juUj ji_l J_*__. LL_Uj -jj 
cjL_j ___>U_£1 ,____ LU__ fj_u _2,L____ jl^ _uuj ,31 jVi ,„U JSIjlJI <j_» 
Jl-^MSUj _*___ I jl^. Oj^-* *U1_ J_uj ,3L_UJ SU^I cjL_u>_>JI 
o^^J^jjj^j «(1971-1901) JLJjj Jbj-«jj._j t lj,o^ ,t, ^Ujj 
jjj_j_. o^j ,(1961-1889) ^jjjj-u,! f U_Jjj .(1994-1910) 
Uaj ._1jj ^ljjjj *(2002—1914) jjjj_u ^Uj .(1977-1917) 

4_-JjVl _>j___JI ^JL___, __JLc . J___J1 4_j_pJ1 *L_um_JI *ULJ *Vj_ ■* JT 

Uj <(biomoleciiles) 4jj_pJI _iLjj_>J1 _ Q j_p_; _u_j jljjl*_-J ( 4_Jl_JI 

— "^J 'Cj^HJJ-^' L,l'J-"t l 0-J^J-^J <1_J>-— »V|j (j^jJLcj-*-^! cUj ____ 
4_5j_Jll ^JJ 4^____JJL ^lj—u, i jL»uyi lj__» 4.^? ^JL* (jLjj ^J 4__vUj 
^jJ-Jj . J n,,1t 4_l-__-__JI 4jU jJI m,V.1 _jl5T 4_l_____JL jT 4-U--JI 

0? 6<-<u j— -^Ij c_____J ,4 ,„rt» ____JI J!u U_l- iSLULSJI 4_____JI 

_-__-__if tj;jJlj i4______Jj jj? jLjjj (_$jj| J___pJ1 _3j_to (jSJj . La_ 4_l3 (j—jit- 

4_i_aJ jj_uL__ujj_J| tfj__flL_aj juJjJ i»lj->.f __3tJ j_ <LjJI 4_uj JujL>u __J| 
4_^ jjjjjJaJI I j__j ^ ^--J-Jll Jj_3 jSJ 4 UIulj CjI Lljjjj 

. Lu_ _jii_i CtuOj ^ljSJI 
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2Llca! (Hydrogen bonds) «u^jjju^JI J-uIjj» lt*-*-"-» -* J J^*J ^ 
^j LS - SLpJI ^Lx*^ 2L-_>U - * LumSJI 4-_--_-JL ^tj-CJI *Lj_i-* 
-_Sj-cj .2LuajJI SLpJl ^JLc <j_-. («U-ljSJI (JLc (Jtllitj j_*_j (^! <_JLc ULu 

JU___1 oL-l». (jJjSj - l .J i i a _-_jj-t-> <_-__ - ^jSUsl <j--i j! U J /t l j,i.ftt t 

(_<TtSj .j hi-m oj^ lA^JJ-^J-* 3jj <_-___. J «" t mm _-_J1 oLijj>J1 <jru 

<_kjtjLol <_-__ <-_J1 J ^ j — & q^.JjJ_j4JI 4__-jl j (jc 1928 fl — -Jl (jr* £— JjJ 

^ 3 j_C__JI jLc 4J__Jj . ^jjLtJI 2Lujj^I 4__ul jJI jl ^jLlII ^ISUI 0-« 

JiL<u (jr^jjJU^JI lLuI jj <±.>-l>.) JljJUJI (J^H-" j-*^ <U>--'' ^Lj-ujjAj 
<3jUj1 0 <n. j_l- JUj--J1 4__ujjj j-4> U_Jj jLc <(*U1 ^ljjj^ LTU bj-^ 
^JJ u M>jj.tj<j11 JaJJ>J1 j-j, nirtl LU £--_*-JJ .CjLujjjjJI k Sj-CiJt 
£ U^-JJ^4^' *J J J^-* UL^JLH^ OJ— *M J>*^' 6j>^V' <j^>^j 
3j-±ii-L_> jJjLL 3 j£ JiLa o^J '^JiJ^ 4J_s-___ _j-c JjIj 4;ij-$_*-« 5 nr M i < i< 
Sj j -_4 4jJ-jJL_j 4___jIj odj^J (_- — 5 (j^jjJU^JI 3j j <jJ jl — _-j U_-J_-j . 1 Jo- 
^-j- £-4jJj 4.;,,-* MiTt JjI J (j^ ' S J-^? U^JJ^i S-»-^ CpJt l^js^lAS 3jj J-La 

<_*jL>J1 <_-__-. 4-JL_- (j-a L-Lj-j ^LUr >U?* __jLj ^jj-^l 3j jJI _*L>_j1 

_^>L_- <___._ — >.jjj_l^J1 <j! i^jjuj.^j^jjj-L^JI 3jj j — aj — a-^1 

A y. ...A ([M.^< jLtU-U (J--J pjl^H) 4__-L__J.1 j-lc ^j^ ^l L-iljjJI 

4JL*-_J1 *L__M <__1__ jlc -__-___ ^ __!. Vl <__1 j_____2J1 <___> (jji^l l-jLjjj^JI 

«L^J^»0j^ 5_L>.jX' 3LL- *— ' . "t t (j-O IjJ^j^ L_UjJ iL^J-JjJ ^ 4_L^jJ1 

3jj <_t j_*j (jt 4j f — L-(j>» I juAj .4_uj_3 l^J— oL_Jjjj>- jl cUljj ^V 
^ (jj y i n<l 41* — <i Jia <Jj-_jj 4JUjj- L^Jj 4_JI — l-. 4_bc — Zj l_iI j 4-uj_i 
(j^_wjjJjV1 (_Jjj (j-4 4-JLl. 4Jj_--- (j-« Ll__jL_ Cmkm< 1 (_--J1j *e_-L« j^* 

J_: ^ SL^jJll 4i> Atl iU5Ul oLjj-^JI (> _t__->Lj . UJ cjrujjM* 

(jjj---jyi 5-ao-_ j_4 4_ajjJ_Jl tf JU>j UajJ jJ (jl (j-V-jJ l^jj-U^JI j-Jj j j — « 

1 jlaj .(ori^jL) JiA 3jj J<J JL--1 j) j_-.T <-_L- *l$j> electron cloud 

L4J -> ^ ■ __c____3ejLa 4_aLi-5j -liLcl j-9 ol j 4jjjL 4jJj Jjt7 . l l ^UtJ U jj-> 
du} JLti_»J1 (j-C j-JjJ 4-_«1jJ 2U_jS <ji Jj_3_* Jj-_fj .*UI c-ic J--J-JL 
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. CkuttU a^DW, ^% ^ ^ ^ u # ^ ^ ( 
• MjU3« U^ c^J£ ^ AUaB w ^ ^ 

<L** UU ^j^, ^ ^ , , ^ 

Uj^ - oLiuj^ u^b^ ^Lia^i 

W JL-lp, JLS- f oUujj^J) ^j, ^ aj^ 

W^Jj-^^,^^^^ 

c^l ^jj^l U^T jUa <(<^)U Jls^T ^ 6 Lu^, 
6- a^MI ,1^1 ^ j^ 0 t t ji^^, ^ ^^u^ 

•^iJI V V ^ a^JL ^ ^j^, ^ Df 
^«A^^i ^jj^i Sj^u* ^i^Ij^^ j^ji 

o-Jj .^IjSJI ,L^ ^ ^ vj j^ ^ l ^. 

• SjjiJI VjjJL^| 

Fibrous Protein SLuutti GUuj^J» ^ £L*b.> 

d»lLs u^C^^ ^li ^iJI ^l ^ — IXa 

^ c^oj ( U. ^L^u 0 ? oUujj^LJ V ol^jj) u. 

<> j^ <^ ll^) a__uixj, oL1>ji ^ a^Lui ^i a^M ^ 
^ ^ Jj f <^ bjL^ai 4UKJI oL4;>ji 

4J5UJ 4^UJI 4^JI ^ ^ t Ql, ? ,„ lfl 4J| ^ ^ ^L^I 

^U,Vl >U=>fj ^j^JIj ^j, ^ j^^j ^ 

^ L^ 0 j^ 0 T U3j^ ijL ^ V) |iA ^ 

J^-lj .u>all oLu^.^ J^ 6J aJ ^ oljjLJI ^ 
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J}U ^ ^jJj-lJI ol^Ji oLuj£iJI ^-—b J lSjj* 1 -"'' 

Jjt J^J ->J*> ^ ■ b-* 

£*JI IJLA cMjJ -Lr^l OtPjLW 31 0"^ ^ ^J^ JJ^ 

oLi^i J>U J^i3j * 1928 r L^l jjuJ *~U. ^ 

JLU t LLL>- bojxi U*^ J&J *oLLiJJj-Jl *iA 4olJ J\ <jj-*J1 

globular JlAJt 2Ljj£ cjpjj^ ^^jj> ^ 0« ti^ 1 J-* ti jj+^ <jt 
oLLujjJI aJbjl* M ...t... ^> (uji^^b a>o%*^ 
^iil (Polypeptide chains ■ <mm1jJt Sjj^l» jf ^jjjjb ^* J-^*^) 

• CjIj^ oj&j 


JUJ Lm* j£juj u/ljAUI J^ljt cr^ L** ^jt-ol 

^kU 4JL> Jat .V.<V jl^JI J Juj jAj 1937 f UJ1 ^ 
^l oLJ**11 ^L^i aijti jAjuI «ya Jnainljj 3 \ (Coiling) 
i^u-- ilSLiJL» J- lA? S^tSj^Jit U**^ 
2U1JJ1 cjLlujj^JI (j^ ,JL -^J -jA J^-1 j <-^> J^ Cy* j^ 
c^Lct 2LuLJ1 2LJLLJ1 c-i j^JI lAs <J*£ ^ t^l 5jul1 JJ 

^ 4>Ujj ^Ujj 0- J* J-l>^- ^^W^ l>J 

^ jJI) £1 ju o^IjjJj (<Jjj* ^j-Jj *~^) W-jJj^ Lujj^JK m** 
i^&L^J^J ^Jyj^ 4%^J (tAi^K 
^ 1 ^ 4^ ^J^ O W ^ U ^ j- 

*Mj i^^l drpJLh^ V«L«.Vl ^J t1951 C^^ 1 

^jjJ^ J^ L^*J Jj^ iioia aJLjI* J-U^jJ J^^^OJ^ 

jjj> UJ a^jjJ^JI 2L^jl jlj <J-+>- J--J ^Jj^ ^ J-^ 
^ %*±a IjL^I 1 Jla Ijaj .oUUI JSLi ^L-U: (> ^ 

Jj^A J-^ L>^ Lgj^^ ^ <J ^ ! ^ 11 ^ ^Jr^Ji ^Lu^t ^JU (^Jj .431^ 

-(j^Os. (#) 
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<> 1951 Je^^^^^^^^ljjl^^ L_jj__JL_ JL^, 
>U_____; c_c-_>j__j <YJ JUii 4^j__ii 4^j_?_| oi ,„\ r ^j» 

U >^JUjJ^lj^^ljo}^^ 

UfT «^UJ-I ^j>UJI J_____II» c_]__tf c-U»j_.j u__Uj_jjLj| _____ 
J-i* ^jj\1>JI JS__J| <jf j_,V( jj . \ 6 __>u5u ( 

4^ a^UJI Jt_____Vl 6 t <-- j__-i-J1 ____ ^LJI L_u_j 

UbjT 4_____ jjJiJL Lo «tfj___ Vl IU-__J| 4-^jJj^I 

^J^ ^ <*j_ia-L__l ^jJI ^iJI dJL___ ^jj| ^LUJI _L-*-JI j__ 
.fu_lj__l *Uu_J ^jj.. ^ jjaljj -_j^ ^Luj 3___j t - t |.U» 
o^J)» ->j__ ^UJ^I ^jjJUJI J____J| 6 T _j__Jl I j__ ^ ^ ^ 
Jj ^Uujj^lJ ^^ujj^JI oIjl__LU1 j-_.UI J^jG-^^I jjjj* _>_ 
(^JTj . ( * } «___uT _1j* 3___1j_ __!_, L___u__i_ ^ji_j| 

.431 j LjJI 4_uj Sjjj__ 4_j__u Oba*J _-j___, <jrU-| _j^. JLJJ | j__ 

Jj t Lujj_J_: jjj^ J___3 ^ _ __u1 Sj_UJI u L_cj\iijj 
._>_UJ <__ -_______,! ^J. __?__ j_-T jjj,. L_u| 

LjJI ^j^ _Jj _#l ^UIaI 4*jj ___j___ ^Jj, 6 t U__lj I jjj 
^U^*jjf JMi- _LJ jj ^a^ipJI s _UI 4jL * L__L___T U_ ojl__ ^ j_J| 
o--bj- u--* ^j-" d±*^> uT *L___ *=4_yi ^ j^_^ ja^j^**)^^^-]! 
JjjL^j j____U_ _2j,^jj_ r ____„ c _Jj Jbj-^^jj^jJ^^ 

<_£_ (*Jj ._JJj-uiJ_ «__ 4____- <___ UjJI 2LJj JUJU_J 4__j_ L.^ _J 

jjj-Ut jjj^aji i__j__j jj ,a_uj_. ^u_A/ ( 2_u_^ji ___, l_u« i j-. 

<__ 1 j_-l _L____VI u-^^-^ .UL_^^__^ 
«> __. jT s __^j.cj j _ji jLJT (>c> __i__u^ ^L__uVI 
5___lj_ __i_, SjjJUI L^jjJ _____ <jUjj_ _JU_ (J __j .o_---UI1 4_|j__ 
e^i^JL^ L>-^U _-lj_,| c_>J J_uu (^jju -l j_-T t LjJ| 3_uj 

.Chemistry j__i| (^) 

j^T dW_j > _Vi uij^t a___ij j__, 5j __n ^ a (##) 
. j_MjT j:jj sj^ ^ j^ju _Lj^_ _jj^ _u« ^ u_r __^_ ^Uj 

. UjJI ^ a_j> oUjj^iU a^ji 5 _m 0 f u^n _,_ _u_lj 
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jJujS^ (1984-1905) J1j_1 j uj^ c_»1j__! c_>- <_*-J1j ^-J-K 

_jj-*JI o-d-^-g SJ__sJj 4_fl__i-: U^Jj-J1 Jj*uj <u-~- - er- _^J-* 
^IjjjI _-_--■_»_ j>u <_J1 luL^J-M J£ Oj___1jjj t MRC *-^J_J1 
^L_JI 4_tu_ _J_xjj «Sjjj_U1 _jl jJU jl JJbJ _-J! c^ij ^ jJI -j**J1 
Jj! j^l^j^j^J^tii^ot^C^J^^' <j\> Jirt 1 ) 
jjj__1 1ju_ «jt cH* u}^* J- 6^J •«--» -~ ------1 

jj^ Lc^ 4_*__ __ul ( *\ 1916-) j-u£_jj u-uj>* ^ JJl 

J_u__j <J*-JI 42jju 4 .Sr 4_J jj 4_4 }L___ | juk *4±__ Jl — _>V 

^j .(1958-1920) u*_J__1 j_> _*J1jjj ^ 4-_*__JI *j_- 

<_>__] 4___J _j-p- ^IjJb" .mL « L_» JJ 4juIj 1jj__> _■-?, m? 4uL____ 4___L 
y;--; L^j4J_uSj^<±JjLrwt(^jJI j-_ujJ Kjj^L 0 j__ 0' U^^U 
V ;--; J_Vl <_-__. __J_~ ^l Ju__JI I jL_ ol J^4dJ m , ^l J__> 

• Stj_al L->jL_C.L L_Ju_> 

£$4j_l ^-JjitU U_ » J1 £->«- 'o>-Jlj <j*^*eJ o^^Jj*- 

4__»j_) U_> ^Jj- j\j__* <-_ (a__i- f__.VL Jjj-») <jjj-J1 J*-1- Jj-L-JI 
,( - 1928) aj---1i u-*e* 1--^ ^ 1 — " ^ 

juu L 3 j__J 4j ,„ljj 2b_L« <___> 1951 ^ L_1 ^Jjju_^ jjj t^J-Jl 
a j_ <>c 4 UjJ1 4_lu _____£! <-__ f>-1 Ij-iU L__L_- J___- Ij <*ljj----l 

J__>.j .4jjJ_*_V1 __j _J1 0_-L_j1 _>_■ — <_ ijh L_u j! -_j — «j u' 

M__L- UjJ-i LijJ^i L-U» 'jW^ W 3 *- "^J-- 1 uf- lM uj-^b 

<jrUJ ^jJI S**\ - 1916) -Jjj^ o-i--^ -JLubJ ^ljj-^-JI 

u 0 Lcj__j .u>-- i b t* o^-^ cr-<ij-i ^-b- 5 t 1 ^ 

o^L-j ^Ljo- t__»L£ _Jjj_: ! ju . 4_t___J1 4_>JL_l Uajl^*. u__V1 j___- 

^ u^ijjU-Ji uiH^- u- 4 **JS_i .aj^-^ 1 cr- ^--^ 1 ^ b ^ 

.(_Jj_»JI (-3 1 j" l?.; U -' U-« ^J-bLi U ^-TJ"* 1 ^LjJ-t-UI ^ *4jLsw ^Lut 

.[*_>»-l] 2004 ^jaST 5 f jj j^_Li ^ (#) 
.[sj^JLl] 2004 jJjj 28 fi j _u>S o_i_H>- <>>5 (##) 
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:ig_r,*j|» 


'^j^^b^CAJ^J^^^ 5j-_UJj<L_jt j_j_j 
r _J1 ^ j, j ^U j ij_j_jj___, (^jjjt l__j_ «SsLpJt <__ L» 4_J1 j__ 
l d M „ , 1 <__! 3. K M \ AlH-N ^ <^ Jjl r,^ 4 1944 

j_j-jj-__ <j_j ^J .^IjjUa jj_i i^j <j„ «a-LU^JI» 4_j1 jjJI 3 At | 
4J_J t _jJ1 <j„ 4^ji_M ^Lj^j^jjSJI (jt '<-iL_JI 4_J_ _x_j *<_*jju 

<> <>»>i_1 iX>->j^JI *j__*-'» 2LU ol jL*j £__jf _U_ 
SjjL» ^MLI _„ ^jj^j j_ - ^j^jAjjiUI - 2LpJI 4_iL>J1 

jtUI Jl* *-_>_-__ I SjjJLJI tjh—j j^j (aperiodic crystal) «4_____u V 
6^" OjJj <^<*_-^ e^UI J__J ^L^I Ujljiij ^jUII 
-^l t JjJUjjoL_UJ«4^_^^jJV!« J__»^^ Uj_>1___ 

<(<<__„ 1«J L__>U«J 1_<___0 U_ Um,,_ Jj L^ ljlj_j L_^ _Tj_. 

.a-d^j^Lj ^j^^^ijjiajt^^^ji^ L^i^^jji ___. 
<> UJi jj_ui <_*j a_Lj_ai j-_-- _Ji j___ _j-U iijjjo 4_^j 
jl <cjlj_ 5jju_ a^jUii < n ^i ajj^^i _>jj_ji *j__. 

JoUj! 4___U* ^jj.^SJIj Ja__l| ^jjl 5j____ Jl*5j_L_ 

_jJ_l4Jl«Vl <j_ IjJJ-- jJ_^Jj_^ u _jj__1j.4jJL*jV| <J>jj_J1 J1_J 
4jI J_>J 4_CJ <4 ntnnn j^_SjjL Ji, <_____ L*__j _>UjUI <j-^- 
U-"^J 0>*J -Mj <j- 4_lj_ L^_Jj <<__jjXI S jJlAI 4_L- 5 j^ A <__ 

<j_*j» Sj__c <j„ _jUj_-_ J& 4^jii____3 j ,j__a 4_>j___J1j 2___J1 

j5_JI t 4^_l_j| ,___ ^j_ ___£_, _j . ____, Uj_- 88.572 <j-_j_j 
*cAi--»^J^<> 1949 r L_JI^MRC Sj^jj-^^ljj^JI 

^ J_____lj .4j___ <j„ oruM_J1j 4__J| <__ j_j c^JUa ,jL__Ij 

<__. J__>j) _»Llujj_j1j _j|j_uj^jjj| a__ijjj ___] a___| 4_vjj_>! 

j^- J__L USb oj.Jlj _-j_. L_| JUj ( ( 1953 r LJI 4-t_LJ1 4l>.j_ 

UjV jl_ Uiu tl jj--(j 0" (j^jj^-j (-pU J^u-" ^)_>_t ^ jJI ^^u, jJI 
.(*ljjM_aJI) a^LJI 4ivjj ^ Jju__*JJ , j^. j_jj jf 

_tHj-* ^d>^ (>* Sr*-- - <-J--*J! >L*_, |j_><j_j 

<t___JI ^ Lrpj-« <_->-_ 4__Jj t j__: Jjj_J _ jJI ^j__j^ _Jj__j _f 
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(__£» Jjj___tl jte _uVl <j-4 4jo 4___»1j-4 4_j __J La __lc. ilid^ J„^-_.j 

£-JjJ (jt 1_U La_o_- ___*-J1 (j_4 3j_J~ _M J__ljJl1 J*VL>. -_U_j (jn j, t <>_? 
3jl_L_J1 4jjJaiJI 3 j n^jtl U- 4 f^>^ <j> — ^jj-UI J-- --I — <ij _--£- 

^-lc ' t «V I J£ <jl_i 'pl ulj-^ <wU SLJUjlII 4 c.h<^tlj 

__--• lL____ 1938 j_L_J1 ___> l£JJ-H — ^ - ' J <^"wj «<j---l 4-* — __t -5jj_- JJ-- 0 

0 L_^-__->J I ^-T--» _^_u->_i Lfct_C Ijiaj j . LjJJ 4\_LjjJ_J1 a_U)-i JJj--> Jjt 
i(4_jXL«JI l_Jj_>J1 L-,<-l-uJ <____J_J1 Sj__l (__.--L_. _M L_/_lhJ1 <jt Jj___I -WJJUj) 
_£--*-tlj-*> c_JljJJ 4__»l_~.) £j — l_>jJ,L j-L - C -Lj (JjJjJi jrt(}*l LaJL__ __L_J_J 
j_J jj 4__-u1jJ oJLLajuj 4^^_Jjj__ Juj-*jj _--£. JlJ _-_-_j c-JLL- a ... ^ t 

^ _-*____< 1 J <4_4J JL-Jl (_gjj.-i._u t O La J-L-.0 (j_/L-ut ^^i-. J-— __ 4- I L-t-L-uJ LjJJ 
2j_tL-La *Jj_>-t _jj ■ -**' 1 j L^J____J1 J__ (jL_C oLjjJL— - _^_uJ_____ (J_a _jL_jVI 

1 w JL_ (j_o f*J <jjj t— . Jj£ ji__-J (J-__vJlj_- _4>L_Jt 3j_i__l_3e_- (j *--_> 

J_l j_>JI 1 * , y, „ LjJJ ^_<j_u J-*-_ j L$j 3_L_yi _j___iVt ^LL_l__l j * l_u_* 

(j-4 L_jjjj JlSj i(A, C, G, T) JlujjKj (tl Jb_tjj_ -_~ i J"i -t j Jj_- -.rtlUl 

_v- _jrtJj1j _n-_-*>lj_a j j m<Ijj j_-j 4JL__ ___> L__>j L__Lsj__j .___i1j_>JI 

. (j__j__J1 jj____>J ^Juj j <j j**C _yJ| 1 i^tj i^t--. lj__J _>J jJJI t_jJuJ (j-a _4^J*!vLoj 
_____ i3_.L- Sj1j_4 oL_u___JI OjlMj i**L>-j__e_- 4_vj jj L-u-lo £_5j_<j-J1 Ijljj 
tl_Lp- 4 i ue>\ ____. ^j-Sj j )\_j-1j_i 4__jLq_>JI _\_t_X ui _)_? _J jJI _)j — l_j1j (jt 

j-LJI < *ij<^> ___i (j — _Jj . oLjjjj-JI (jj_. 4_i — luIjj _-J| -_Lj_4 jLc l — <L_u 

__i-1 _>j1) Ojrtjji- (jj "v oL__bLjJ1 ^JLc £_<J 4jjL___<J J*>1 i-J i 1952 

i^4_)jj_»Jl ^Luu-JL ____Jj_-j 1jL>- fJL£A 4 (.(j-ij J_bj ii±<,j,<ijj_- l_L^Juj_- 

(j_ilj_j _j| (j__4J UjJI ^_^j_s- ___J -UjjjK itl Ju_lj_l _jT Sj_5_- -_Ljj-> ~J t-t 
^cJ (_^jJ1 i-iii jji- ^."lu.uj1j . ^(_jj_a__J (_,!,<, fiL»_J1 (j__>_) <±fj-^j Lo J____j l_*-4 
(Jt-*j-J1j ^jLuJ _?1 _)t oLjj_>JI J_*C «iut _yi i4jL__J1 4_t_l L*j I <a~(^ 4 _>_o 

• tj^jj-u^JI 4_L_jjt (j-4 ^jj J!>L>. _)-4 _jLL_jj j-jj L__c I — __j1j_j jt (jSLw 

(j_4 LJo-Ujnjj LiJbut L_i_»1jjj (jt ^jS-cj (ju_|j.i_,M(t1j (jLI jjJI (jt Luajt i^t j j 

j-JjVl J__lj__I1 (jSJ i(j^>.jj_Lj- 4j_ujt 4_i!>_j _)-4 SLiJjj. -__5-<w---i J"M 

jj_U1 ^ __Ljj£ _djJL_u ^ ._fj_-t 
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£l«_l,»lb 


^J *<*^J>_*11 ^jJI 4 l^JI _*j ^jlpJI |j_ 2U__T 

<_U_jL_ __ljij L_lj & ^pj| ^UuSJI J___ __Jj jjj_. j_lj 

cAjjj^k j__ 4___ _j_.jL__ jij _ijj_ji 3j.iL; aju. _,_ ^ 
* Li jJI 4^L__L _*>j_j ciL^ ^ _*>_ 1 1952 j_Jjj 

oU_ ____ L_l_ 4jj__. U jJI oL_l>_ <jj_i ^l 4JL___| j__ ij 
_J1 lo_ cJuo_| ,T, C c^ lyL-i, _U_j G,A __ a^ i 
i>^WtA J*-_i_f V UjlII 2ui, u T--j U _jj __? _^ijj_ jL>_l 
>^J AG j__w 4 _Jj__s_ l, _ _jj L4_jj3 4Jjj_ 4,1,„1,„ olj o15jj_*. 

j--J1 I^^J-^^jJICTj^ Jj_._J ______ j_n_*j_j«CT 

_-_J1 I_a _,__ ^jjjj JS__ ^jj | AG j__^>J| Jj_-_v__4_j__,j£j 
<j_Jj *oL5jj>JI ^LmLm _*j 3jjL__ 4___ o_L_, jj^j ^ Lu 
<>^L^Sj__-| 4__L« jj^__^ ju^J_ IjjjLiIo^jl^^Jjj. 
0* <*j+~a 4jjij ____. |j__jj . l^LSu _U. J__ ^ ^|j_yi u j_ 

j^Vl ^Muj^bi^0^>^^1952^_J1 j_.T^J_L_JI 
. ( __ 1_U j__Vl __, j^Vl d____J1 _bj_ r j_j ,-_jI_i , Ll, ^ 

^jj^j^^bu^^^er-s-L-. j_j<^jjj^^j____^_ 

4o.jx ,L__1 OjlM . UjJI 4oL ___! J_>jj 4jJ 4J Jj_ 4^T ,> 4JL__j 
4JUjJ| _^___IS <_ ^Uj - _tf__3lj ^ 4j_JI 6- 

_^jW>_ * 1953 r L_JI jjLu ^ ____Jj ^jj__| ^ j_^_,__ 
oaj , Uol_ _Jjj_j U j____|j _1LT <_U1 j 4,uT ^ 35...., a_ 

LjJI J__M_ ^ 4i5Mi 4J L_>_ LJjJ 4^__L__I 4uiJI 
J__T _ _1 j_j) U j___|jj _1jj_J J_aX1 ,<___J1 oSJj . L$___ju Jj__ 
cr- _*j __jj L^_lj_l (_>__] a_u_? _jo_ _,u_T _jL M_J_> 
_UjU1 Jij__3j VT J__JI ^ j-ij^JI 1 j_ 6 lj t___ 

.UpJ_j|j_ L^oic <-,1fn-v 
(jJ-J _J1 __jj __ej ^ 4___J1 oj—-3lj J--T 4__aj juuj 

^J-^j^, L_. t L^ u jj^4 f _lj_j_j_| _^1j_)jj__ J____jf 
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j_Uj y _,-.ii t 5jj_ .nti *__- _J j__-jJj. j*_ji cjL^^^ tj 

__.L_jL___ ju_ _3 ____ SjMc iA-uJ^UI 4_u_J! *j__> <__ VI Uj-j_ 


_>„ _,j___>1 JJ ^4l^ 6^ -« lt* Oj^ -____- l?-*' oL_}UJIj 

ajjju^ o11j>^ji __j». j-jjjii <■r J _ J - , '"^ l^jj*- £L_i 

J___5 <__J! ^jjju^JI 4__jjt JjjJ- <j__ 3_L_.U_x_) _>_-_j Jj__ U___*j 
Jj _ I £>±__Vl 4jU> __J_ jUJI . J___jJ1 _^ _.,K ut l ___I_S 

_,_. i^jjl^o^H j^u^jtA 11 .1953 _>_jU j^___ _>* 

<j;jJt (p^Jl ^j--! _^ ^Jj^ H c^i b--- <^Z&3 _jL__Jt 

c_-j_*j ^J 4_ _* L_L __ _J L__ _J jj^^i ^ ^ 4_U___Jlj . Lt__- 4___bj 

.__j^JI <>- utl-^jj-* »3 '"'^ 4_>L___4 (^? ^t _OLL_)M __L_ 



____. l__1_j x(£3j___J ^^L)-^ ^Lb _>j_ 03—^33 ^Al^ 

.-jjj ^ < &a *L__M U-iL Uj___ £j-sjJ.t sUjll j- 4 -- --A5 

I ^J ...-.t t l^_*J __Jj_1 S.j >mU j1j__I ^Ju-AJL-^j-a ______£ 

U_j_;t(--il lUL__JI ^^^j. j^Ij^-U- J^j___^ 4_L|_____J 

<jj___1 jj _JLj5. gj__! <jf c^! ^ J*--- H c^ 1 Cr^ --^ ^ 
4_*j__JI __L*_j .j-Jjj _>*-Jj U^LP 1 Cy* _~-"^J e?b-* Sj_UJI 
2__^c _j__ <__ j_iJ- I jil J--tjJI -_L»uT 4__;>-- jj^ c> Sj_^UI 
itj^ -tbj-JCh» JjVl -___Jt . 1953 J-jj-J 25 < 


_ « j_ 


__5__jl <_ J_-!j_U 4__M_- <____. JLi-t-JI .U^jj^ J_~--£ L>-t>-_J 

(jjSU! 4_uj3j j-_-J_j. _y» e^-Jt j *<>"-] <J_-- t>~ Lk-^-b 

__lj_j_« ____ji ^j_^j iOj—^-j -ji • _>-U?_>-^J :L -^*j'*^i'>* 

_2uJjJ 4^1. 4j LijJI (jt ^UJI J < --_--! ^l o-^J 4_____t 

^jjsrj 4_i iV 4___u oU_w _>_> j_tjj t j-Jjj_.j (j^-lj-i l_j_JIj 

0j-c_j! jj lJjjS 4_-j__t ^ jJIj LjjJJ _j_jJLl ^jU! J---J! cPi j^Ai. 

4_ljjJI « JL- dJl-J cr- ---^ J--' O^i L ^ ^J**- H 0b) 

cjjJaljj U_i j Ujlr 2L_CU crJS^t <z^\< 4__SjjJI Uj-_j_w 

^U-.^J j| l^l_J Ubjl J_-t 4_1JJU ^<J U (J-J .^J^-LAJ-" _>*• fLJVl 
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;L_ifi»_ 


1j^S_ _j_ 3j}L__ <bt ^}L_1 _,L_3_j_M __j___a _^___j J____f 

L_sL______;i Juj _-ljj_j Cn— ^lj^ «i-t» <jL_ jj -Lj- jU_V 

o>_3!jj _3____1 <j?j ,"jln^<V;H LjjJI «LlJ UU_ >____a 

<-__£ t_aj e,—— « J— j ljLjj - (J^— j' j— J-<J— _-L- j^j- j_- __J1 j *_u 

(ij-pJI L_JJ->J 4___L-J! 4_ — _| _L__o ^JUj.l^- _J1 ___j 
Ct— ■ ^Lii I 5_u — _ _,L_* _*__ i1j_ __aj_ — __i_J £_j-_J1 *Lj _, « 

_j___j . _u__j oj-— ~1j L-utj __Jj- j__ WL*j J_ ^ ju 

1953 ^LJI <__ __Jj_ jJ—j- ojjLc. jj 3_-L _IL t j . .. a*. _-___l j_ 

— «- — >JI _ _ _ij_- ^_ _I1 ju_j L^— - t _j_~ U IjuI ____!_ <<Jj 
^j ___j___JI _^j_*j 1958 r _JI ^ c__i_jj L$-f _JI 1j____ 

j-^-JJ '^iA UJ-— -'j ".^ 1 j .j__II _hc _fG>__lj _,l_| 

___. <______ cjIjJ — _> j-jjL L$jL_j julj *_. _J| j L^jJjj____J Jjj_ 

. r 1962 r L_l 



1951 iLjJI ^_;jJ>J 1 < i^ jj_j _jj-^ oj> < "~ lj - 39 
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U^Ul OrOWi ^ ^jJLl L^l ^ ^ ^ lK^ 2 

- j^21J ^ ^ ^ l^ 1 .jj^b^b s ^ ^ * — 
j| jluI JLl J_^j cjT o-^ - A,C,G,T l_j-_*VL 4Jl_j 
^JLUaj Oj-JI oIjm J>^ ^ ! J-^W J^J * GaiJ J J--" ^ 
^j^l j) ciL>£ ^ <>u ^uy^LJ 1 > l*L*h* J J<*^ cjLluI^JI 
(j-jjjJJ l-JjL LiL^ J*- <tL^ ^jLLo ^j^. >T ^c^i J*^ f- 

<jf Jj^>Jl C^_jlj -o^jW > JjP— "L» > L*L>- 1 *J 

^Uj.^ ^l <> J*- 1 ^ Sj----l 

^ 3 \ ^ \^.\ 3 JU1 iGGC /\ CTA Jl* j_Ij* ^ ot j 

^jGj ^ l^J ^UhJJ^ <> ^Jl^IcJI! 4JLwVl >U^Vl ^ _Uj 

at t i jl^j *j^»JI .—Uuj^JI t-- 3 -^J .f_--?J1 *Lf 

jt __L <4__}Ut _x*Jt ^-J- ^j_*J ^jJlj uJ_ £>>j-U V-Jj_t b* 

^.y. : l_j_/^I a^i^j Codons ot>t j <j_ LUp* ii\ U£ ^ 

UjJI f ? _ jJi ^ - j^j) ^ 

LjJI __ <_*__; lS- 3 ' «4JU__ jJt J-- UjJ'» ^J *(3L*_ Jj^ 

^jjJJI -AijSU jl^I 4j _t j>- L^J^ ^J 

^jl^uj .oe^ ^ ^ ^ (Uracil) Ji_!jjl <u_Jj 

Sl^LU» 2LiM»Vl >U_-Vl ^p- ^ J* ^J-* 
J*_| (:_* > j___jj . f j>-! L>pJU^I J~- e^J ^j-*^ 1 

juuj t 4JLi LjJI iJiUjj . ^jl>JL! u^iu^' c^i ^L^' L^i 
AjLjC* ^Ijl^uI jUjj LjJI l^JIL l>HJL^ lV lt^ u ^U^ fZ CjI 
J^^Ij^A^I^jjulJ^ j^^LrJi ^"^ 1 JI^l^-^ 


Uu^uL 4C >lU^JI ot L> L^J}^* ^ l5>^1 ^_^JI 
^ A ^j ^>3U UAj^ljj^sTjI^oL-^^^J^t^ 
Lii^l bl .cdJjJ .G JjUc C J^j ^ T JjU* o^JI l>- l? 1 
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4_uLwSJ1 Cj1____-.jJI ^jja \<i$'<a J<_J JoJcv l_Lj __ #Lu ^q_j (jl Uj^TI 

4_jL_ <( ( *\ij_J-J1 ,h3'iVI 4JL- <__ CjJ_~_j L£) 4___iL>J1 4___-__U 
Ji-l-i __J1 £jj J£ (j-a --— >Jj S-^^J _jJJL}JL>J| ij^->-J-jJ.1 _>^J~I o— - 

l__ j^L» l^(nf>*i 4 j?j-^J I 4J1 — __jj| l_JL__> oj-oj i5jujj>. - SjlJj 4_iL>. _)£ 

^C. jJI _-J-C.J • G JjULa Cj T JjL— a A C_-i_-J t4 , ,n*n __ijjj_JLj 3 j <i ( mTI 

. _j VI ^ylb- ^LsilS 4_aj4_Ls j_ij_ LgjL*. t 4-_-i_}_. JjjjJI 2LJT JajuaLij <j| <j o 

4jI ^ t -LtJoj . jj — Laoil 4_JT 4_--A$J L—^jl LaLu £____>1 jJI <j — 4 <j| Jl -u 

<jf ju V L>UJI ^L_____l 2JU *L_.| 3 j«r, ,.,.U LjJI a_tLu_ ^jl, 

cajj LjJI <j-4 £-lj->-t _)l CJJ_< J_Lo .jjn-^Ij (Jh->JI <jrU *LL__-.| -JJJlj>U 

J1 Jij| L__> J_C __-jL5fcJ <jl jl _U_U Vj ( MWt e1jj>-l jl t(j-Uj_j3 lj-- 

f_^J 1 JU» <j_a — <__ Vj ,_£j-_-_j (4_j_1_l>J1 3j-_j — __J1 ___i «i__3j__.») 3jl__L__ 

Ls J£ C_-p- l y^A\ ^JI ^jjj _£jJ1 <_£jJLiJl ^ L____j_M __J1 4_j u__JL I j_i___' 

(j-~ Lj^ ^rDj) S-ij-—*» 4_J_-. <___ LjjJI <j_-a Lj->- jl j__v CjJ_~sj 
£-*jl JLlc. (j->Jj - j_utJ J__ (1j jJ-^j 4_J_>JI dJLA 4_4jiie_ __u _$jJI LjjJI 

_-__l_»Lu (___J1j t 4___UJI ^l — _____j_M 4JU__ Jjj-L <j__ 4j ,.,lrJI L>UJ1 
JL*_~ j_aljj _-JL__ j_i______j <jj j_aVl _)L_> t 3_v_JjJ1 LjUJI LjJI 4.»^ 

<__£> ,UI 3 j-u_J1 CjLLuJI (j_____ 4 T n't) ^Uai.! __.jJ_>J ^ .-j t 

4j .nl^Jl 4-J--J1 _1___IU- ,„1 1 31 ^j-CJ j ^g-u-a-JI SjLcIj JjLlJI 4-iU-- 

Lu .LjJI J-T (jl__ (Jjjjw -_Lj__i/ (__]! jjJsujj l_Lj — __j ^c_5___j (jl SjlJjJI 

4_u_i_ VI (j| ( jtnU j . — ---j _>-=. J-£hf-~~- 4_-_>j__ Ju>u t ^L____ _M t_JJ_ 

SsiLi-T JI_L _u__>J1 _i)j__J| Jju>oj 3jL_b (jjS-i cjI j_j__J1 _yi __-_]___!! 

(__JjjjIjJ1 JJ---J1 4_J1 ^Ll__j La J-^tjlj .(j_3jj-aJ1 _)___>- 1 (__i__ IjuLt-o jl 
l&juSi ^_-u ^l 3j_iL_J1 CjVL-J1 _d_J j__ _-Jt-u---J1 -jL*__'_ t 1 J-belj _■ <t 
J_____| _4j_>-L__ Jj*->-J CjLLl>. 4^j_>. jl 4 m-w UaitJJ 4i____-j JL- LjJI 

. 4___u -_a Laj jLj 

_J_-__VI ( _ T _ j-jjjJLi (_JJJ| jjUJtjrp. . ^ _ _ _UI 4jL*£. TjLi_<jI Jj_ LaL»- _)!<:, AJj y_jlU.-l.tl 

-_a __4J_p. ^L-^ J— jU_p. J_J ^jJI 3__li4i ___ (jl jjjl». o^D -> 2_jJ^>JI — >L_j>I 

_jIjl_JjJI (jLJ^UI (jjSJ lL7 J_->Vl eJ^JJ' — - cj-P- 3 ti^ 1 *=*^1 fj -Sj^'' 1 

.____L_T JSCuj ^Li—il j_4 
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_-Jj__lLI <_i ; ^1j___-l 

L_-jj_-j-<t jj___-la (j_ LjJI 4 i^rti ^L_4jJbVI (__Ji 4*.L>- <____ (j_-j 

Ijo^ ljj_i ol 5 *:; ut t lt- L__U 4jj_1JI -Jlj-i <4*JI j^- __£ _,UJ 
<___ __Ut_>J1 <jjj-- juj__J l_ULj_ — _J1 jl„ j_>_f Jh^>JIj J_— tl u — a 
Jj_ j_^l 04* U jtv.;_ J1jjVj .DNACodons UjJI _-1j_1j ^j_____ 
___ ^__ 0' -jLIj?-' c^ajJ !__&> (j__cj <__-t __LU_JI Ij-o. ^ _l 

« J__u» <__JI 4_uj__JI (j->L>- 4j>.jj f9__$-j °L1l_-J1 — -- 

5j __UI j*-JI 2uLuc J>L- cujIUI J--JI ' U ""J J**- **L_*-! 

LU-ij^ <j-U_j ^jSJ (j_J .Sii^a 3 J_-lj 4__»JJJ 4_JU- <j_ «■! J-jl <_JL1J 
jJjL__ ^cjj-J 4__ _T—* _JjJ_ <__Jj t _L__J 4^a_j___J1 4_-jUI <__ ^>U1 

U <__!} SjJ-i- _j_*j (jl Ll> l£j-- <_-— - _)L-«-yt u-U (j_JJ ,J 
a_? j<: jJL jjjl^ . _U <- j ____j _M 5 jj--J1 _;j-J cU-^-tJI ___ #tjj 

__-_! __U (jj__U 4jjjj>JI ^L-lajS-I pU_-J I J__L___ (_lim ,ntt jJLc 
L___ 1 j — _>.«r>tj ij-j_1j J-^^ J ji^kt*^) _;j_wt * 1jj_j j_ULJ 4_tloJ1 5-UI 

L_ j___,l ___J1 i^u-jjOaS?! L_.Utl S_j_iJL 4__jjjJ1 L__>1 jja _;j_ L_o_*jjJ_ 
d_J| ___j U J-^oi _iL_l_J1 <j_ LuLjjJit t-jjil 4 — __ij <jjjj1_ 

__VLJ1 -JU_ j__- u tntr.tl <_jL___i VI JL____j c--J c-Lijl--i j__J_-II 

______ 3_«j_- j! 2LL>. ____L1 4_____j JL_ LjJI L$j_ (__-!! _j_LJ1 

(jf _jL1u___JI j_w1 ji __u j-Tg j . 4_lu -_4 UjM- (jL— -t L^L__J__>_ 
^jjL» (j_- 4_U1 (___ 98.4 4 t >« u Mjjj-J 1j (j;j_L___J1 (jj_jL_j j_-J1 

. J___ 4_U1 (j-* Jl___1j ^ ; ■•; Ij _j 4_L L_j_*j U_4 ^AjjI jjJI 

4_u1jjJ1 SjUI 4_jLU C.^lj* i«l C__J1j J-*--t 4JjL_i _-1 jl — uia 4__ 
\^_UjL_Uj t Lj__ j 1 JUu 4_±L__x» 5 — >.j Jlj CjLI j_ L4IU J-_>- 4j_- _1j— j V 
JJLU__ (j_ _1 jj -1 -_3 C_L___I (-____ 4_ j_J, 4jjj__-! J.*.. ^-4 -i-J-_ 
jJLoll 1 Jl_ ^1jl^__-1 (j__»yi (_- (j^ i™*» ^J-- 5 Cr- '^Jj " 
jL__a J_jl_>. (jl _____ LJju 4jjj_>. 4jL_aj 4__L__" (__Lt_>Jl __>__- VI (j_« 
4juj! j_j JlIs _JjGj__ J__! (j_- C. jt.nl >Ljj-J1j cjO-Ua.- 7.t 1jj — _J1 

. 4l_» (jrjj^U 
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^^'^^J i ^ju^\ ( ^u^\^ j i_^\ 1j__*J__U__;i_jj 
t)\* <L£>jLu, — «Jt ___ _>___ L_-OLo*1 jJl2j L^-___tj ___ 4__1__„ -_l_J___' 

_jLl**JI ,_!_ ^ 4____" j_, _ i^JU jjl 6 L c_»_j ;__j_Jl ,„___, 
j^jj <_?j_k Vl oLioJI __jJL___ ( __j_ Control genes 4__*_L»JI 
L ->JU JJjJI ^ lj_>jj U___. jSJJ! __JL__ JJjJJ j^____j( 1 j__ 

_^J 6- 2001 f l__J| <__» £__. ^J_J| ( ^j____J| r> L^J| £jj____„ 4j 

o^hk* • • f>L^Ji ^j* ^ l jji j_j 4__jL_ 

_L_j_P- Sjj^ <___ cjLLoJI . LL_4 U_ .^Uj^jII 4__.jL._J1 
L^4i*_3^_Jl Ua_M^__j_____« >-^j<A,C,G,T__1j___JjJJ 

5j_-ui 3j>ai 4______n (j-jj .^«u-ujji j__i_ cjLl^ji -_xj__t Ijuj_*_j 

I ___j . _____ __j? 30 >_ ^ j A.ti <j1 -j _^ L_-t 4_,jUjj 

(jl _>* ^jJI _-J- <*U1_JI J__| 4J Ll_3 __U_ _£? __- lj_i!_r JJ_t .____ 

Juy . 41ujjj __JT 250J_ _ I _JL_ £__j __jl__ sj___ 4JL^ __jf 30 _JI 
4 j___jj____ j__H j__j t 3__4_:L_JI 4jL___LLo. _j__ < ^♦■• f - ______ |____ 

I __- ___*_, ^lj______Jl 4j^jjJI _j__L____J! ___! — ___t __*.? U_, ___ j 

4_-lJ ^jJI ^ ,„> JI 4jliJ_ JJLssj U jA _j__J *J_>.j -J-L-jJI _JL___ _jf 

*_0--T t)j$ ^ t> >£t c____J j____-JI oLLj-. _J _--bijj .oLll^JI 

<%-_ L__M___| ^L____| j_____ij V 4_H. j__, <__ __LLc>J1 _J__ _L_i __JjJ 
-Lio. _J_Jj __, _LU1 <jj J^ ^ ( _;j___ _ I _Jj__»1 

>j_ __L___*J1 ,j__ <jfj ( _|j__1 ^j^l 4_jL_UL <±h^ Lj. 3^-^j 

•cO--^' ^LLj>J1 ____ <_bj__» ^__ 

0j^_>J4-fj_*L_Ui__c^-_^i^ 0 L_ |j, A -__^j 

__lj: _ 1 _-___^ ___ ^J 1 jj ____JjL_U1 -J___ o-* tjjt J— o--^vi ^ 
L_lJI ^j____, __!__ __Jj . 3___|j 4JLi_w Sj__j_i j_,tV( ( „i c___JI cj.^j^ 

^ijjji ajL^jji j_u LjJi -JJj^u, .syiji _-__ __L_^j_uisu»j 
j^Luyi ____ __^jj v 4 4__i j j_i__ji _u__j .oLLujjji 4____l___j 

c_L_l_J| ^j .^.i ____ 3L__*J! J___lj jJaJI _nj jjLa 

^-J---W L*-*^ Ljj__j j_5_j .1^ m,_\_Ll>J| 3j__j___J1 ___ _Jj_l___j 
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-^taU j_-M c^iit oLJu^l u-l^ ^ ^ ^ 

0* 12L*Ij1 ui < Wood Louse o^J^ ob^-^t <>■ ^i>*U 
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^jlit/l * L-»-tf I 


15 


^ylc <dj_*__, <___a Jl*^ju 

(j*Lii — Lc SjJLaJI :OtJ — 2j1 <jh __L_if 

Oruj Llo 3JL-__L__II oLaL__JU jf jUj^I 

__jL_j_C_<» (j-uLjja 0 — Lc SjjlSJIj l( _j 3tUI 

^ Jj! <jf L__i>j__. (j? Jj— ^j .j-jj*_UI 

1 — ULu 5 — L__>L_J| OLkil ._>JJ w 

(jj-UI <_--3 ojjlj—j CjTjlj — sejJI (jruj 
JLJj-aj! (j n-s! LaJ>r t j ^ <j_iJI 


«__<j|j_J1» ^j___9t_J| (j-aju (jT (j_a <__ — fl__> 

4_j_3 _A_L__*j _£jJ1 ^jjLUI j La cJLSljl 

f-_Uj JL*_i .4_<jjJl_J1 (juj_JI <____ Lj3>L-u! 

oL-uLS *1j_>J <___. _dJL_JI *U1__ ^j 

^j___U1 (J* — Lj <____. jl __>>U 5 __jii_} 

Lll 4-JL-2. ( _*_>.i4-': ■ M i t l 


JjJLl _£.il__ <__ Sj_" 

(j^ jLc, Jj_- <_J_ 

5>aJl eL-pJj ^lj_i__ 

«u 
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^yu^ ^ L_| ..,11 3j__ J__-3 ^l l*3„ Triangulation 

LUr 4_ji jj-_>jJi _j- cy* LijU- ^ _*->j lllu __>_ji _Lai 

<^j_. t j~ jS^^j-^JI j_-j ^O- 3>_J1 Ujoij^lj^u^i^ 1 ^ 
jujl>_ JMi- _.W«"mj ,L_jj_~ Jj_J base line c_;j_.L_I __*J1 
^j__.UJ1 __-_>JI <J* jJ-> j_- i_ (j_ fj_?J1 cPi J^y 1 _-j___- Lljj 
4_i____| ____ - L*-" <_ ,o___t1 4___Ju_ >_ 4__L__,1 jj-*- _J 
____ LU _-jj__ Vl jL__>J1 j_j <j-*-1 <--i| — L__U «3jL___1 <-fl 

;U__JL (j^Jj 384.400 ^Lud 4__L____i1 <jt O^J .*L__J1 

LJ _-_- Jj_»T 4jJl---3 J->J_-- (^i £-_«- -Uj <j~ ^ f Lh^ 

-___. j__L_<j? 1671 ^bJl^cbj^j.^joL^L^^I J_oj_J1 
LLi. <-_> ow- _4 (1696 - 1630) <-__j ^ 
4^__. _Ji 4____JL jcjjJll Ju_j oLLu- ^j^! t 4^jJJ1 

^Uj^ ^.ujL» ^ 4JLaj 4____ __jJ1 Jj^J *«_**_-» fj-^j 

j_*> dLU (1712 - 1625) LJL_j| jjJjJJ <-1l-- 

a^JjJ^Jl _j_> f_J .^Jjll c^l _L_--t1 JjJ_- -_>_? 0_*b 

<j_* 4_.L-_U uLoJ c__1j_J1 4_j_-<j_- jJL^ <j__1j- J_v-1jJ--i 
.Ml _-H pi .m.MI 3UjJ__U j-U C----J- jt) <>J- ' 

^l _>_j-l j - o-uaM.tl 4_L___J _.j_j_>_ <- m m ,-_ J-_>jjj 
<j__ 2_U1 <-_> 7 2L__Jb ____ J_M <_-jJ1 1 JlAj ^ <jj_l* 140 <__j 

;u.j- Jj! _j___ j oj_-« 149.6 <^-__-j <_->__- ____U 4_^_1 

c__jSJ 4_L-4 oL-lj- __-J .4j____1 ^jJ-UI <j-L_a <___• __t_0 

,yu U_ <--1) 1769j 1761 ^_ JljjJI s>_ J>-~ Sj->j-1 

4_Jj_llj) _>_>J - I J jj-niM.n <jrU _____ J___T JJJ-3 _-*! --_- _ 

_JI j_T __j__j t (AU- Astronomical Unit 4_j_JJ1 Sj_-jJ1 — -L 
ti^jjej 4ijjL>J1 2uo_1 __ |jL^i___j_ jjj-j j-j^oj-- 4 153 _j 
J__ j oL_L2JI (_l_ _U_ j_j _tj-L (JJI oLLj____JI jJ_i 
Oj_1jj j_ __ _ j_-__ (>>_J1 <jj-N f J^J -l—-L_J 

.4_i___J1 2Lajl_Ul o-L—* j_ Ijl^- SJlo^- 3j_- _J_1 *LJ_ _jJ 
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t_Jl iAMl». VI JU JL_«u 

^l <uJj j_u__i U j__ _JI_c_j ^LSJI I jla <__ jlaji ^ ji^ u o| 

l__j_*_ (j__,j .j-J*-JI (J_JJ L__JLij J_____j Jj__J| l^Litb V oUl_u^ <j„ 

,U_ ._*__*. <j„ J___u 4 j^f L^jlaS^^t^ iu _,jVl v^,jT 

tL £__-UJI J_W_ (j_JLU_JU OC-JbjJaJI _U_ ___L»Jt __Jj - j.^ At | 

r j»_JI ^L^, (jSij .(AU 4__j_J_ s___j 2 jt) ^oj^ 300 4_jj_>j 
J^I^^^^^L^ijJ^JI jlu. ^VJ,ltLL ...j- 
^j—- lO-*- - > oT 6*Ujj * J_L$J1 (jj__L_JI 

U_u UU_ J__vj^fj_^(j-_~ 4;i__, JjL__ _dj_3e__ LpKjdtj t 
(>* ^ci-^b ^^'cr^Sjjj^^ljijSjjjL^^.^} ^tjj M 

4-j£_J- J_>L_„ _dj__jj £u*V\ ^j^ <jf ^ JJL ^ 

«ij;j_aL__JI -_3M__-VI»f___L 4^jjjUI Sj_*L__iJ JU, Ijlaj) t v f -L..-4 
^ iS^ J-_JI l£-- **T <j1 uij ja ^j .(Parallax 

<-£j$ jl Jw. <_t-l 4____, SL>* <j* 4_J| jJ__J1 JlLc _J j^_u oljf (_____ 

jT ^>1J ^j__U_Jt __}__>. VI _dl_JI ,U1_ _j____jj ,<>j _1 

<_-Ilj (< _»_ UuoUJI 4_L___JU 4_L A second of arc <j_j__JI 3 ,\\\ 

(jrU *U — <_J1 4__ox__ ____. t>"J^ ^u- L_jJL_ ______ l_j___ j__ < U AC". 

Ur^ . (#) AU 4jSJ_ 3ji_-j 1 4JjIdj ^jlcUJI J__WJ (j_JLU-11 (j___ji_JI 
Uj J_ 4__ <j_ l___j __.j___ _u_1j <__*_»_, ^jj* JL*j U-*-. <jf I 

300 4Jj_ ^ jJI ^___UJ1 ___J Oh_l»L-Ut cr^ ji-l o-j^ a__u_ 2 

;4___l__J| 4_iJ_4J| _j !___*_, j ._>_j_1 l__Cj_' jIjlc j__3 4J_^ ^ (jjoU 

JjUj U ^T 4 4o5j__ 4l_ 3.26 juu __JL_ <jj<j ,„ f_*_JI !___ J!u oS- 
^ j^jj Vj <t>l _M_J| jruj Lllu 4i_>UJI 4_U__JJ 206.265 
__j__wVI Jj3J(>jj_J| 1ju_(j_ L_____^(^__| jj_jl u» ^jjl 
.(j___JI Jj__ ^j Vl t__j_" 4^j^ *L_T ^U-_J1 4____> (___, ^j-bLtJI 

_U__ 4L.l_j j__J| _fl>_i ol '^jljJI f U*^ 1 ^ _-L___-J ^jUU j_| j3j {*) 

u-5_t 0 l_ _U_J ;5__vj_i| ___; ,j_ j^l^ sjUj (^T ^Minute of arc a ;.; > 31 
i^j_U_l ^jjJI ^ 1800 __k 1 jI.oh^lJ^^Ij6^lKl^_J-i I Ljj__ ^jL_^! 

.»-__}! 4__i__ _— lc j_v_J 
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CjUL^a JUu ^k. ^ f J^' ^Ue^-Jj ^j^J 

«jjjj JLu aL, 4_ul ,„^J1 2LU*J1 4 T l. U^"* lSjJI £>U1 1 ^ 

^uUJI ^jjuUI ^ «isUil jujuIj JjU jJjLLa u U" '"j j^ ot 
^ 2G,LaL cdJjj <}LJ *U~J1 t> Ujl^u jui^t fw*uJ1 jaj <Sirus 
jLoii cJaj^JI 1 juk ^j^djj .^^mUI gjJa— j *^J-> 

4 4 j: ; V 5 * (>« 2uJj^a ^lsj-c. Ji-ta o "^ '"^ ^J^ 

O-jJjJI t_x2j <j a ^jjlaJI Ijj^P^ y rtitl Jj^*J cr— ^ J— 

jj j: uUtJb «j^J 1 ju*j - 2LuUJI tj>«—ill g jk '»t LbLU» 
(^HL-All jU^ ^^0-*-^ e^J^ot^ UljJ u^ 
^ jJI ^ JULi» <jM M ^ ^j.JoUI^ 4__uUJ1 

LpjuSJI ^ 2Lt.jr.tU1 gj>,,,tl 4^.jj 0-W2JL Ij-lL^ Uj> JUj 
| : ..,<^ Lt^Lu y -tr,- U ^jj^ ^jU ,r, 4^>- jj {j\ cdj^. jjj t^LjUJI 

2l>.jj ojI^ i y jujUji cjl>* — «sjt ^ oi ^ ^L_^ii ^ 
Uj juu! ojSLj &] jte tu ^sji ^ji^ 4^jj Ju 4i_u^ ^jia-^ 
^jjijji: j-iv r cjjSL- ^jLJjjSL^yi J**.j . lijui 27.664 *ljj^o 
^j.r.M OJ La ^U^UI oJ^ oj-"^> cr^ (1675 - 1638) 
cjuj < jlwIj c^j ^UuJI ^ Ulju (^JI c^ljSJI £ji**-> 4jjUJ1 
, n - - / % X JuJl^ '-■■y^ LpV J-JLoj 1 JLtiu j!&T 4jjUl>JI 4oU*JI 
*j^J1 jJJuij £A t c-«<ljSuM ^i AJjj^jJ cijjuUJI U "" ^ 
^^ J(J ^Juli1 ^J^I 1 £J < rt+.hj ^l 4-LOJ<J' L->L—^J (J^- tU t 

^ jjJuhL J^jj 1668 r L_jJ1 ^ <j<Jj .^j^l c^j^ 
83.190 jjLuj UjL 2LjUJ1 uf>— ^l ^U.WJ juj^j 

UjL^U^ 3.,r„^.t1 * JUk ^Jl^ (JJJJJ J*^i J-LCJ '^ 1 ^ 2 JO^J 

2L3UJL1 u t c^i J^J 2 -? ^J^' lP^ oLal—^JJ 4 ', oIjjjuIj 

jj__^lil jJjUiJI jJbJ A^JJS SJl^j OJ^U ^>UJl ci j* '^t l 

.4jU jL>8r U juu.1728 r uJ1 jjU^Ic^uJI^jj^»^^ 
550.000 c^ AjjUJI lSj^JI 2LLUJ1 ^U^JLI 0 Vl cJaj^ij 
jjjutJ ^jj^LtJI 2UfljJ1 o<Jj -cr^u C— > 2 - 67 J T Sj_^j 
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^jJ-J? -L-Ull 


*_JIJ_T 4j 4_>.LJJ cjUjLJtl _>___, L^Lo ^Ll» V ^l *_______yi 

.(jiaAJ l< j«^t l ^jUj ^pJlj 
jl t_-.j __ JI 4_ii_j urt-a-U r* . h *> j*J?-J1 (Jajj LlLjj CjL_1 uA,\ (j_L_ (jj 

4______4-^j-*_J1 ^Ij^^L^^SjljjlAII 4__jJI ^jJl^ij^U;t,l __M__«-I 

•(o^ o-Ii 3 j ..nt L L^-b-j L^lj_<j 4_S_i__»JI ___ ____u (jjJlj) ^L wJI 

y * cr- *.--J UjJ-_ l)U_j J_u_ ^sll ,r, ,„<QU. 2Uj£ La jSj-j 

6-* 180/1 ^I)____<j_j_ji ^jij. 10 a^jL» £_j3ijii 4_*_.i__ji _v_j__ 
o__Lu_UJ (j^Ls Jj! (j! j-?jJLjjjL»j.(^U ...tl ^ J*1_JI j_gj| j___ 
c__jJI 1 j_a> j| « j___c. £___,t_J| (jj^JI oLljjjO <_-_. _____ ^ fj_&_J1 __Jj 

__L_" j_*_ <___! 4_U_S_ __L___L_* (jUc 4i L^jJj___J1 J.u^. j__,! 

1^jJjJ__JI j__ -J __Jj - a^jJI <jj__>__JI ui}l_JI_-_ 1 c_}L-_ «j__L__1 

J-__ <__- __1_J1 *Ul_ (jja <jjj_j__' jj__J1 <____ 

£j-- (_yl>- I JL>- 3JU>. — _u__j 

t ^oJ <_jU^V IjIj Uj_>_ ^(j-. ,„ ljjJ J51jVl jIjjJI j__-Ij .cjI __L_ 

jJuj L^i V jT JJtUI j ^jU...t1 3juju_ L$_V U1 - LlJI L : --,i ejjjj Vl L.-I 

J? i(^<_*_lJ 4 j _L__ v _jL_j_- L4J) (jU_J1 JJJ-4J *U _J1 jj_. Jrtln L_Ut_J 

Stellar (-a-^-JI tijjkU-JI __^__-V1 jjj___; <jl_J Jjlj . L« ^.--tt 
Jj__xj ^ol^Jjj ^LjjJo^ lt--^' >- I J-_ _-JJ 4__l___J,| <j_.j Paralax 
Cygni a^U-jJI 4^ jL__1 . 1838 f UJI ^ _Ujj (1846 - 1784) 

oljj 0.3136 jA 4_t___>J_4 L__-}L__-I (jl J 3-JJ «3j-u_>* 4_SJ_3w 4J ^AJ J—-J 

cjL_L_JI (jUij) 4jjj__ <____ 10.3 4_L___ll (ji (__i_u Lu ^j-JI ^ 
^ljj .(Luj_>_ L_*-__j_a 3.4 jt *5_jjj___ 2J _n 11.2 4_sL____JL1 (ji 2L*bjL>J1 

(jg. Mllj^ ,„)?1 j__ er^-UI J-J-jII _-}__J (j-o-j 0 ^-V A Jjl (jl j_aVl 

L_jj_i! ^jj-w J__j ol- Lf-J» (1874 - 1798) (jj___jjLi_. ^Ujj 
jj.?! _JL_ t Alpha Centauri ^^uuA jJI (j-jjU;^ ^ ^j. i 1832 ,-UJI 

4_i__ ^a^t __M__I (jt __Ii J-tojJJ *MjJ *L -Jl (^ UjU ,„|-ja-JI 

Uj (j_,j__J1 a_i_lj (j_^ 0.76 _JJj juu l ^.^n^ . ^) (j-j-JI (j__, 5j__Ij 

j-iiil^ j^Jj ,(4_oj__ 4___> 4.3 _;?*U*_*_ L____j_3 1.3 4__U_t,1 jt (^'_u 
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j-ujuj . 1839 j-UII lj_l>-j __J| 4__j£. juu VJ oj— 4__,1j_. 

2_i>_; 4j 4jj>Li 4— «^laia 4jL j^l -_3jjjJIIj) 0 " ■ M jJI JJ---& 

j__H 4_j <c>M nMiti __JJ <--> >at J-A Jj^- U___*j jl-~~ ^ j_j_*u 

^JLc jj ' "J { ' * j^L-.| t>° JUUJ . 4 — _uLl_ (Jj-aUo __a}L_>.l 

^jJI .(1864 - 1793) __*jj_____ ojS ^kj^ ^ er-*-^ 1 

__>>L_2-VI '0"L_J £jj MijiaJ <jl — lm (_) L-jS-tjJ Ju_s j-a __j3 J — «JU jl£ 

Sj_u_JI 4j5j^ L_»j1 ^jjjj) Vega j2ljJI j_ -___tl t*_t_J ^j_-L__II 
jjl*J 4_jj_>J1 oL_-L_JI j<_j t }L_- ____.? Uiij^^lj ;(AlphaLyre 

8.3 UjJL- 43 1 __*j ^-.j-JI _>~ 4jjl_ 0.2613 _» jJl2u Lij__-L_> L_}L_>.1 

4j ^jitj _£__! ^l — _-JI _>-Jj .(4jjj__> 4Ju_ 27) (_-~>^-» j____j-i 

L__J LJ jjjJjJS jl j ^jaeJj 4__oL>- 1 L^jI *_j1 _.L_J1 dJLA 

7000 _> JJjJL j__~ JUuT _>o_____J1 _-JI ^ -Jjiit jj .<_-jjSJI L^U^ 
3, 1*j\X m A \ ^ <^SjST Juuf oj nt i _gjJ1 t < ri »<n 

£jiel__j jl <<n _-_=- tp-t-Jl __JI 4_l_u2_>JI 43 1 — uJLl lj3jju _-_j _* 

absolute f>T'^ JjtUU £j_--_JI _ -<i .. . " 4-j_4__>Jl 4__ jU ,» 4_*.j_ 

^jjjujjc.j jJuuU L^j_*2__l ^l 4-l_2_JI _>_<__ JjjJo _>_. (magnitude 

l_S jju i4^jjJ-Jt _-_L$j tj^JI j-*->J .4jjUjJI _£j_- — <_JI 4 — <_,tj_« <__£• jJJrHJ 
i Lojjskj j_3 2.67 4jJl3 Lj L__ Juuj 4 — uxAj 4jjL*jJ| (JjJt — <UI j! 

jPjjj jl^L ^jSo ^ ^ jJI jjaVl ,j m ,iJ I j^ LCjJ^^jJ^tU^jAj 
4jL^j 4j^JjlII CjLyjTultl aJJt> jl Juj . £j3jju j! 4jj-uaLtja j — <J i_^t jl 
1 1 ^ ^j^s ^c, jj| ^jyic «CjLajUa ^JlSj ^aJ j-JltT- £_<-uuJI jjJ-JI (Jj L lIjj^Lj 

^Ljja 4J_;i_L>JI ___» j--ujr<j ^Jj . jjStJJ £ — _dLiJI jLLsJJL ^j-iLal j! _^j — l_ 
_dJ_j ^j-i,-. j.-u-iJI tjj-SJI 4jL^j ^ j-*.:! 4jj^_oj ^j_aL__J1 l__M--wVI 

^j.j.ja.Jl^lj^J. j-r ,<r<t (; --j---Jt J-J----JI ^ljJt|>| jV< ,„ IJ----J 

4j_UL_1a _£}__- 1 ^JL^--.,...* * j_-*JL> ^sl jJI (j-L^ iij^*_ jl^ 1 J-a J^ 
5juj_>JI cjL__L_JI 4jm'> jl Ljjj__ (j-i-Jj i^-j-.ljJI e__jJI ^j *<-j j<., . I"J 

^UT t 4 jj-_JI 4jL^_ ___!_>. j 1840 Juu 5jl>.|j 4J _u JjL-*J Luj__j C_j_? 

^UJI JjJL-uj • Ljjj-LW L_>L_>.I 60 t \y<fo LJ ojjaljj 1900 ^UJI -_- 4j} 
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j^o^ W^^j)^-^ 10.000 ^ aliU, o^: 1950 
t ^ 120.000 U s ^Lk oUM^I o^jLlia ri;L. r yi 

.(j^ iul5 0.002 «^JJ J^u 4j9 JlJ 

- astrophysics JLjSliJI ^Lj^l jf - ^jl^J! c*L_UJI f juj <*J 

f I J__l_i1 i ,mm.J IjUJL^ 4jIjlJ1 Cj^U-j ^*t ) 0> 2J| Ju VI 

' j]j -f>^-1 JJ^? _-L_£__V1 4j_j ^j-.JI j_-)j___J1 _jL_x_3j 

J*>. U^^j^dJI j_4 j^ jjlc jUjT LL___I e ___| jAj-j^tl^ jj^"ti 
4Jj_^jj L_jj L__j| <jL_ t 2L«jbt ol j ( »j__ ? __J 4^L___yi cjL__JjjJI 

^ jJI) ___J_J| <«____ ot ^^-^J ^J*UI JJ— «hn-wj J, r 

*L_*J l^(J_j__ j___: *___,L_I jj__J| <-*L^ L^.jjLu 

c_-L_j .fj-*i!l <jjj_Cj -jUjjU* Jlc Jj____J| 4o_L_U| 

4-j_j U ja loAj. f j*UI jlj^^^j-^j^^jJ.lajj^^jLw 
cjIjj^ 0L_>- l& Jti\ binary systems 4_j5LiJ1 oUjJ__jlU oL____lj_, 
____. <Js fj*JJ1 J----J1 (jt u^jjtij .ji^^l Jj__ L_.j__f j! JL, _____ 
<j1j ^L_f ^JLc 4__*L_. (j^Uj Lu ^jjJUI 4-uL-itl oUj___XI <>o jjj^_* 
e^|4_J__J1 4^UX1 _____' U Ij|4_^___*L__«(^|4Jj^ 

L^JJ^ c^i 5 J '"'t L JUJI <___> U_T) LJ 4_3jj__4 <_*_J1 4^j____« 

4**U Doppler effect ^jLjj jjMj _,t >aJL jjjl^j .(^_^jj| 

J__, i ^L^AJI ^ Lw -J^ ^j^Ltl ^ cjUj^ oUsL^» _t _J_ j_u (*) 
<±-Li_>JI —£^1 ^U^jjjJo <j_ _Jjj , h ^jjJ-JI Ujujl^ijSUj jj_iit 

JuJ-wJl _1__JI J_jl__ j^j U£u . *U_ uJI ___ JL_ Ul? jJLo ^UIj ^j^ 

__L_U jL ^J- _____ _cj_I a_j_L__} _L__ L»ij . ^ il^ ijjljall 

■Uk UaG V UJ^Ui^j^j^JI ^Jj 

(ju* jj*:j .Lal^i cdj^ ^i f , j^i oUj* jjuj 3 ^lJaji 

r l^f ^ 4i*^ ^ oUj- j> Jujjj .ci^ ^UJI LJJjjWJI i rtjWitl ^ 5>w 

a^>.jj| j»». Jjjj ,red shirt cJykJJ »1 4*>-jJI ^ ...rij Llc 3juL> ^j^j 

-^j^jj a^u^jji icj^ji ^ ^uji ^ 
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4_j_l_uJ1 * t ! >j £yo \"t > tt a atjJ _£ jJl gj < ri 1 1 < n jU _y_i 4___)Li_J 

1 JU-J t LgjJ-JU Jj ^j_*_J1 4_Tj_>. 4__j -w _£ _Ua i ^Uiitl ^U-aJ -s__~i__jj 

jjju ^jHI ^j^kjJI _____ 3jUm _t-J1) jJLu^ dryl^- c^i ^Lt^^W 'J*--^ 

<--_-'1 j__JI (__lc 4 _u_ij jJuaJL Jj <U n U 1"< a ^jiaJtJ Jj-*- lg<>nn jl JU» — _i 

<___U_J1 *L__C ^jU"< . «J __SJ <jW^_ '(f>^?^l Jj*- LAjlj-a ^ JJJU <__UI 

(jjj tiojJI _^jJ_J1 j-LUa 4j| Jj-i-J -ij*jj *fL>^--l ^- 1 ^ j0 J--* — - u l 

}Uc r ' Jjl». U_« <£j-JI 1 j & (j-a 4_l_Ii_> -U-aj __>LUf Cjj — sl jj 

<_-___ Q>U.tj urjjSJja crULc _iJ_jJI |ju_ _-_* JL>u jl 4j|ji_ V I Jl^Jj . U^j 
( jiOH (j-C J"-" ,„« U__>l£j .mIU^I J-___Wt JjhjJjU-JLl UrCLfl.,>»tl 

< rliCi Sjjjj (c-^l^l >U->jjj <4-U;UI <-_jUj_^jJI jjLl J--. U _______! 

4__>Lc ^.«-ajj LuUj U <-uj Uji___ t^j_5sJJI 4_t-ul_> (j__ 3j__L oji ts>\ {jc 

4__CJj JjL>. Ijul* j_« _(M J_UJ V J-_ ,<>j <n <t1 4 — -*jJU r»J^*--JI (j'j>^ 
4_i ___JL j-io L.rlt (^jjjJI JjJL>J1 4_u___! jJlSj 4j<Utl *Lj-u_J1 it<J-.J 

<-,; n j__ (jj_?! <jf ur- <-M iij oUjyi 1 _u_ (j! ^ -^Ll-wS-II e-— II 

I jj U~ 4l2U-_>. ____- (jSo ^J t^ujJI ___> <-_1jjU"tt 4_tULc J_La 4_1~ i--j___>jj 
___Lc Jua-lclj tJ^UJI ___S Jjrt**" U (__-£. L cu-t--»lj (_^JjJ__J ^_Ua_ Jj < LjjJ 

. c< 1 1 «>_> _-_Ji u>. jj j-r-CrJ 1 (j-i--jl 

Jj-uj - gjji}2j4 ^UjU^ltl (^j-ujJl 

l*UJt jjjj^t 8 fjj «jj i < Xj jajjJa ^ ^j^jjju-> jU} ^-CjU-jJI jJj 
i-jU-Cj (__J jj (jj^L^J-ij^ (__j3 ^_*jj L^U^-t-T Uu jJ-^a (jj^LJ (j-uj-i * 1873 
*photochemistry 4_uj_-_JI *Um£JI <jJJj juu o^j-^i <1898 ^Ull ^Ja 

(^LL__i__u 3 (j_aL»Jl 4_iUu_»J J_*-_ <?Juu Uj 1902 ^UJI jLLo 4J_CJj 

liLawL ,jj_0 C__J_» ^JjkJ Crjt- 4(j__L^__lJ_» 4 *-<sL>- JU_J9J_*J (j->f (jjj (j-«J 

_-_£. c -jjj__JI jj3-____!1 (___) 4_1jL^» UjU* jU_>jV1 (___i I < ^<^>V<^ L_j__ 
<>j____i 4_>jJ (jru 2__!>UJt - ^ 5 j-__J1 «>-u_ J>U j . 4_j_0_Jl jU_ jV1 
(1907 - 1905 (jr^UJI ^LUI ^Ju. j__-j 4JSJj .4jjJj ^-^IJI 

__LL_J1 $.Uic (jw« (_$? jl — __j| <____1j (^Jj t_-jj i rttl j-jj i^i"(U 4 — flj-*___> (jJa 
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S J_g UJ CJJjljj i 1 J_d> (j_4 ^J&jJt (ji^J .^jJLJI *:L__I J£ (___J (jrl l^i«r»-V"U 

- 1873) jj^ipji^ jji^j^^jJt jL^Jt _-Ji4_j_>j;t ^j-j-^jjj^ 

.(j-ijjj^ _U_aj_« ______ l i^ia (jiajju t 4J — -_1jJ (jL-T^j II *(1916 

<_*__■_> (__JL_Jt j*LaJl ____» ^ t J > t <mjj Ju-oj-a __JJ J_Lj___j_jlj___ JhSujI Uj_u_j 
tj-Jj-b __J1 J_i_j1 UjuLc 1919 ^UJI __-_»- l_JL__ ^3-Sjj ^j j i < -j-j-d) 4_u» 
_U__jJl t jjJLa 1935 ^UJt <____ ^J .jjul 4__-»U- (___. 1 jl_L__ui! Vjf J*ajJ 

1944 ^UJI <___. L* "j -~cLs_ ^jjjj jjj-a (jl ^ ^jJl <__l_.j , (J j_jJ 

jAj *_JjU_jJ1 «ULj^J jU jo—j 4 3_j_U_S L_jj_*j *1j-»*j ^jo" f »1 4jU 
^j^j Juu 1967 ^UJI jJj^l 21 j-jj 4jJUI 4j__1j <__u__. oULuUjJI <___, 
t __->J__JI JLuojJJ 3j-u£ <-lLjbU<i ^.jJa j . ^UU _u_J| j 4juI jJt j^Ua 

_-l<- J-*-JI j ^l j — =^>U 4j ; _L_i_>J1 l_j__j_>JI (j__ 4j1 l^Ijj __Uj ___. L_^j 

l_3L____SVI _g j~. m,« ^jj *_____- V (jSJj <4_uj_31 oLal ,„U ^La 

. LjU J1j_V LuLSj (jl*. UT--J 4__2_- j jJI 

25 ^jj cdjjjjjj ^l—i j" ,„j jt <___. jjJjXI J — _-j u-«jjjj Lp-^j 
4jjul__ ^jjj^» 4jjjjj^Vi ajU-Ji 4jUw j«i_j . 1877 ^uji j_.j__.t 

^jujUu (j-ujj d^p. ^ju-^jj j_a (^Jj 3j ,„itL JUJ1 <____, U__ j___i 

^JLc jLL_jl 4-Sal_»j Ji uiJ (j! Jj_j i^Jjj_LA_i_> 4__.sU. jtjj ijjjH iuiijjj 

m£jJ_J_V J_* __J (j\_U c_JLl_j .1911 r UJt <___. u j" " ' O * -*J-L__1 

(jt jJ? (jHJ 4 — j_jUJl (jx. ^jj-i ujjj__> 4_a__a- (_£jJt 4 _____ ___l __u_>Vt 

4__t — ____T1 j — __j _jIj L_Sju___Ltl (j____o_-J 4_-CJj .£j_____J1 2_^jjj^j_fe_J1 

^UJj 4____aj 4jjIjj <-ili_J1 ^l — «ji__ UIj__j 4_ja__ ____( 1913 j-l C.) 

t--5jj-«11j <<J ____*-U_3JJ ^ u,J 3jjj-_> <_-_. 4j_jUJIj ^tjll _)J — 5-J (jt j 

((HR Jo-i-S jT) Jjjjj - £j jj — ujjj^J ^.IrtjUyitt ^u-ujJl ^ m«L (j^t 

(jLc j — ujj . ^lj-S-J jj-Ul _____ 4_st___»1j __al — <_j__>V1 4_L4_*I Jjjv U_« 

«iU Ll__ _j_«j iuijL_ju_> VI Ijub ____ jjj_i ujjjj_A 4-4jfcU_j» Cjj^TluiI U 

(JJJJJUJJJ ___. j-S_LujI J_J*J (jt l_3jjjlL1j . ^___jJJ U^M t L_Jj_Lu_tt ^__uVl 

*ut,iv; i «L 1 jjjs; jUi -uf ^ jji ^ t 2uU_Jl 4_jLp. jij_ L 

3j_s (jSJj 191 1 ^-LJi ___ c _3_j__>jj ^*_uj __9 L__j| 4j*__o 4jj_'I «Jl* __9 jj^j^Jjjj» (#) 
. (_Ji_J! » L <d-J) Sjjjyua (jj_J jl_J 3 lij^ __9 _,j_-l 
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^yi jjjwt» jJlC ^Juo tjj^. LujjjLJI^ ^^JS 4^>LoX1 3juJ_»J1 CjL ^ SLuuiltl] 

2U^o oUj>I < HR _Jj_AU ^u-jJI __>U_) .3_JLJI _j^jJL_JI 
__}LU1 <jjj£s «-'T,' 1 ibinary stars ^L_J1 j*>*_]1 3 <-«1jj <^_- 

J^Lojj n rtjUU ^olc L^jJjJ&o LaJLs— j — <_w» ^j^— »-l_1Lj <_aj,rnt1 ^jLiJI 

. 1957 18 j* ojr<>«>±x l^^j 1947 f LJ1 



» ■ 


i* 

#-K Q 4-1.0 * 

(UojsI) 4jjJ (L-uitj) (_>j £j~_i 4j>.jJ <j_ 

(kj^>jlt il^ij^jjj^i^^iLSa^Lc, 

^UjU V"<t1 ^jjjjJI LjLp-l ^j. *_*jjj) HR ^ Wtjtn V"T1 ^-«uijJI J& Sj—LaJI 
<____ _ll_JI ^Ul ^-—a magnitude 2u]_" <jj <±^ *(jjlll fj 

Lu4> (jJeJJ • *L> jL 3JL__!1 <4_ujj J1 3j1j_w 4_wjj <j! (^jjlll £j — c_u 
LstJJt-o (j_C (jjj t^jJS (j-J— (jljJl jX. <__flj£ Vj>^ — _JJ— _ _» V 
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<f»ji_-i ____ut 


4_JL_uj_JI i»j-5-J1 o^*i L*lu <3____»U U_l j pL____lJ1 j f.lijjJI j»j-*-J1 <j( 

4jUr ) ^*^_L_-L 1 iijt ,>> jJw VI L^___juj * L^ljj 4______»U UjSu *1 j___-J1 j 

u>-J1 <j-« Jj^l -~_*-1 _--» j-j j-* L^j ^La ^jiJI 4_j -.L-j-I jl__> jJI 

_>-L_l IjJJlscjj Jj-a-it jJt U IjjoJlSj <jt -Ulill *UL_J <J^Ujj .(^jJj Mittl 

3jjj__. 3_._u (_j_*-J1 ^_->o (jjJ (jjjjLstj ^l .<__^ <j_,L_4 ____. (jjill 
Lj j_aj t -irth V fl 4_i_»-j-« JljLL l^ - _--J1 -JaLLJI 4_u__ _>_! J\ ___<_ 

L_Uj_*_ — ui\ Ijjj .#j___J1 4_Lo t fc <tj ij _$j__JI -eJ_>. — l_JI <>jlj_>. <_>.jj _jh_u 
£_____ 2jlj_>. 4_>.j_ (jl __flj-__ Oj__/Vl ^ m->JI ^UJ-L 4_Sjj__U (j-alji-JI 

_J_-"' ^*iL)j) 'S^J-* J'j-°' 4_i>L_J c_l — __L_> (j,, L__jj_l>_) _>_Uj ^_»J _£i 

^uaUJI 4_>.jj U (C-j-J SjS^ JI £j____J1 <j_Jj j_U__>VI ______ 

jJ__J1 (j__iu i( *_j__JI (>, ____jJLl VL__«_>} ^L*____V I <*_" LJ ^___jj (<3___JLl 

4____>Uj SjjL (jj-_» <j? s.1 J_-_«JI j»J*-JI (J^»t J (j_C«J J . 4jj I j_>. 4_wjJ <j__ 
(>* £!>*>-* J^O^ U-~ -- jj 4^ie___ L$-V J_^!j _j !_____> 

4__jjJ,| jl-UVl <j_« 4jjL_ j|j__! JL__*.jj 4_-L_i ( j_«_>f _)jij ^-->J_J ~«J_____J1 
Ljt -L___3 L^ISUj Sj jtir» Uj_>u _)L_> __J__> ,<jj_J1 Ji-1 J ______ __!!( 

A_wjj __Jj Sjl — >. ____> UJLu JjJLL 4__<__L <jj <_i 

4_*jj ijj___- _M £__ — _J| _ys £_)j_« j_L» J£T __Jj ____. 2__L__ _-»U»£ ji__3j 
(j-a L__j___j J_lt 1 j "t nt- i t _jj_-_Cj (_)-__) — _J1 Jlfl) 3j j« (o 4_JL__ij_i ^j->o 
, L^ — ___j 3j1 j_>J1 4_wjj L^J 4__it___ ^-j-»-i j\ 4 — uiAi ^_-_>JL 3jL__ j*J->_i 
L»jJ__j .^-jjst-JI Sjl — » J__" 4 (_j|jjJ1 u o r nTl L»JL__ 4_iL__yi _^o_*_jj 

(uj- jO 2 j* ^ -^L_>.j_ jjl__J HR _,UjUvJ1 < c___jJI _-J- L__L__ ^____ 

Li_Jj__. Jjjkj ^J-*-J1 4_lJL_. _)f J_>u i^i_J-J1 ((jjJ Sj — ili 4>jj) ^j-usuj 
_j| j djUJI |-J_t_J1 < fc r J- _ 4 ^ __jJ1 jIjcu! _J__ jJ___JI j! Jjj-L t„t "<1_ 

^jJo jl>.i jl__ u m (j-UUI) ,«-_-J1 4J_U_JL1 4__ji__J1 ajt_CJ| 

jl__ _j , l fl ,1 , t l 0-, 4_j__C J__Vl 4_o_II 3_ jLJI ^j T ;TI Uiu *__u > ___J1 

J__-j Luj__j _l_o lln rrjILa U_»u L^j| j _j -^ nitl jullj ,j_>.^M (__3 jJaJI 
(j4-J ^SjjLJI 4-*_____JI j-J___*_J1 ^_UJ .4j rnJ^jJI 4_J1j_JL1 _JLA ' ^ . ■ 


(__ (<_*__ ^j-bUaJl ^_o_J1 __i LL_ __j_*_i V ,4_l ju c__L jt ___U (jJLc __j>j ___*_ (#) 

.4__L-va __a L^-jju (__lll 4_Ll<_-1 i^ULl_>J! ^j___JI <>.jJ Jj i*U__JI 
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<j___u L__J? Jl>.jjj t-U.i*A*>jJt 4_Jlj_J>1 <_----! (j-4->Ji 4_iJU_J1) 4_____L_11 

4_J1 jUtl ^j! (^.^.11 ^ Ij— sVl) 3 jU U_SLij 2 jui-_-Jt 3U-_-Xt f j-*!-! 

4_£i_Jt ^L^-y-JI *UJL-J OU <_-_» l<j,i,iii 4_Jlj_Jl1 (jiCJj .4j____u^jJI 
4jjjJI aJJtj <j-j_*_JI <j __L <_-_* <_$JJ*J (3^*^-^ <_r*l — ^ ^ — JJLJ Jjt 

__LL_J1 ^Lc j— aVl Jjt J< L^ijusrl ,„l ^l ^ 5 jJaLUI 

fLj)j4 ^JLc Jj! Ojl jjaL 4_J} j___-j jJlj <(jj__t-_ij J-— - *j\ Lr^^LH^^ 

(JSi 4__flj-«j ^Jtlll EoU 4i__-' jrij 4__}UJ! < h (j_<j j__> 4j! «jLUj t 4_jS-__ 

. 4j___jJjJ 1 4 i \ \ j"i \ I 

__LJ -u_-»L_u 4 J1 ji__> 3jJj (___ 1882 j-l^-cujj 28 <___- (jj____o} jJj 
3j-__Vl <*i1S"m1j 1884 ^UJI (___. djjt <_-_-jj . 1 j *«iy* l < --'^_lh — 

LUjU £j__.jJJ L__J -_-J->. -_-__ij_-}J___ ^-Jj (5jL»-lj Cr^ ? jJj"-* (j_£___J>.) 
j.i,<,ii rViU <___- £_Jj_i jJjjjT <_-_. 4_*_jJL*j (jj_Ujj| <_---1j .j__-Jj_CJ1 __.- A - V .qj 
(j_« Juj j <ij< 4_*_xiU- (__£l <ill_i Julj ((jj — . «„mh U 4jt-aL>J l__J — _-J1) 

. 1913 r UJ1 ^ ^l cj__^ji- jl_oj_*j J^i . 1905 (__J1 1902 

Uii-) 4_ujj_*__tl 4__ miUII j __LL__J |j_j <_-! ^JUj-laj-T <__J| _Oj__J1 Jjii 

JL-__1 jl 1 jJJLa L___jf -tj__ol 1914 ^UJI ^j '(tJJJjl^ ^JJ^- jU<_u>U 
£Jljjj-4J_> (___- 4_dl1 4___1j (j! __-!} <> ju3> 4j-__>L_4 <____ j * ~t« \j . 4-_jjL>J1 

U_1j LjjJ-__ lj <Anj 1 j__>U I jl_-__Ij <jK . 1944 j , t y 22 rJ _i 

4jlL -U*JU 4_oUtl jl£C___-Vl Jjj^jJ 4_L_-J_4J __, __-_) l I *f< <>"> <3 1j__J JU4J 

jj-3-4_*b_J L_____>j__ (jisj — C (j_4 Jjt j_*) (j^sJj-C- J j 4« y (jr^i ^ — z*-^=>\j 
4-*x__j (jj-Lij-»} <__Jj_t J *(4jj_jJ_>_iyij 4_u ___JI (j__ (jrp — i^-LjT ^-IbjJij 

dj_>_u U J_____t (j-CJj f (jjj iH-tl (jj-2J1 J}U- <__LL_Jt ^<__c (___?i 4_Ux_c 
. (jU-ujjj (j Lrt-Q_A L--.o j_i> ^JLlJI 4j 
j__jj_CJI <■>->*>>_ ^LjI (j-« (jj___jj} (jl l^il >mt J-s-l _-JjVl 4_*__l — _JLl 

5 j ■ •-■■*! 4jj-__- 4 l_-_Jj (ji-j-Cj .«j-^4-__> ujj-s-JI (J---3JJ (_£ j — II 

<_jjJLu_,j .1915 f UJ1 (> r jl_JJ (jd jJ 4-uuJ__1 f Uf (jj-i ,*?,nV 4__UJ1 

(jSJj .<_jj_>. ^ L-U!j UII=»jjj I «m ^LUI ^L-j-JI ^ ^-jjU^L 
(1934- 1872)j-uj__, jj^-L-i^-J} prj- AnTct-a^^ay i,n__-U-j 
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(J^-«J _)l_?(_£jJI (jj_i_u.s} <_Jj LgJU 4_* — uu jTt itii J4.J <-"jtj * I JlHj-A ___*i 

J---J . 2Lj^JLLI Sj^ltitl 4 J-»-«-ScJJ I Mrtl _;j_*_.Vl <U_$-« _»■} j £ys, <_J1ju_jj 

___j|__j . 4j» J_>-1 J jjT 4__j1j.j 4__L_f_lj ^ljj _, ^ 4 ■<,-»* a ^___*j 

4_-L*JI 4j^JaiJI _>-3j — «J jJLusu _ - -_lL_. Jj>-j£ (jj2ij..j jjjJ 4_j1ju £• j__ 

_jLj_ _K_ — __bT 4jjj__ (jt t-djJUj .4-jjM V»yL _jJL5__U |0 ILnJI J_-.|_ 

jJ_flJ (^JJtjj Sjluu — _*u _>_. j_L_J1 9. J__-JI _J 1 — ^JLu (j_4 jt-T jj «L 

4jj^L1*&JI -Jaljll J — SJj ^*j (>4j >M I (j-« LijjJa o jjj_« JU. — 

._ . aj<<Xtl ^Lut _JJ_ 3_x__L_u_« (jSLtjjj - F 1 ^ ■ -■t| 5 — ^.^. f j_a_J1 ■ * H*i t 

(jj-fcJ (jJ (j-_tj i 1919 ^ UJI __j___" _JjJu>. £-ij-J.1 (jjo (j_» (j? <_ii_L__ij 
f UJI 4_jS_JJ A^iiJI 4_**^>J| __4_Uj . Ljjjt 4jjL4,LSoa «___•)? L 
jjj-uajj J----jJ (jrUj^l * i Ci i i »l Or>"-*J J-"* J>V <_£j'j-* > 'klr r - £a__j 1917 

crd^' (_-J->L__JI j-lc "iij jj 3jj>^ (j^j Jjjlj^JI <j — « < n<t l 
.£jj_J1 I j__ ___ l__j_>J1 e<4*<j1 l_j *L--jj-.V 

*U_j1 4£j — <_= jj-P 4___olj <_jL — uA _gt C__jJ1 ciilj ___ _>5_* ^ lj 

U-a 4_-_>Li_ c« -r , u _»! 4-$a_>JI <_____. jjl — ___>Jt _J _>_. >L____ ( <_jj =-JI 

__-C _--aljjyi JLAJbe-JI ^l — te-j _y_-j_* _-JI 4^LLa_y_jJI 3 cj__>J1 j_l____ol 

(j_u}_J1 j 4_*j1jJ1 _L _>j-_j_j U-« t^jJI j . *__*___ Vl jj__OJ1 J_" 
l^U_Jj_J j-i£l 4-<m_3 £j__»jj Jj-4J 4jI_5 tSjU-v. 4jJl____u_v 4j-____j »1 ^_1jj 

4jl_»JI ^ju V L___: (jjj) jjjLiJI ^ L_juI_3 LjlIsw 4_u j__i__1 (*_!_»_; 

4^_*J| ^yk. ^j.,! J_T (jl_3 iSL-dli- _U>s_4w_J (jjjJJL>. *UJjJ1 (jt 4^|jJ| 
4_-fl — ujj!\ 4_^_*J| __lc. j-aVl (j_-»j-C ^j .((jl-jJI ___» 4_L<3 J____flt £__u 4j 

(j__j-c _rijjj < Ljj___uj_) J-*.1j ^LL-JJIj (jjjLaJI __JLc J->La_>JI L^j JdjjJLl 

(jtu -i-usuJL (jj*_iujj __Jj lj^>JJJ *(j;jjjLJI — UjJI _j_« (J-j-S 4_u____JI 

.___U_JI ^o"^r 4_Uj-i (-JLc 1 <-_J_u.b Juia-lll (j-0 <>f L__cl J-___- _M _)_<» 

^___cVL L-JlUji.i (jl£> 4jl_. c_jLu_i_ , 1 ^Jl^J _^L_t cj (j__j ^<J jJ 4jL L_sl->.tj 

(___) (j^__J_>jJ,| t < «>tr 4___ul_vj CjjLjIj iAjtjjutJLo t_>L — <__? __JLc I <_uj__.j 

(jj_iu_j (jj JjJ-JI __JjJ J_-_ _j Jjt Jla-J .4jjJ — __J1 4_yaj_£_>J| Sjlj^l 
__Jjl_- 4j^Uj9_t_» <_jL LM _/ c_j ^>J*JJ _v->jLla Jj| jj — _L (jt J — jjj j_T | jj 
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1*11 &}ti 


t^jJI j_aVl jAj 'e^W J— j^b^l ^L_>JL-o_J jl 4_> 

4_tJ->__>JL <_dl_J1 f.\ <\\C J _--l jj <-_J.- <il-1jj_ j->Jj ♦ UUj <U Ll^A (jLS 

j_J jj <__JU £___>f jL jjj____»L>J1 4_%j __jji__jt 4_j_o SjjUij ^La 3 — jSLUI 

<j_Jjjj jf 3-k_L> — Oj-^W 

3_.L__!_j1 jC ^IL-uujT 3«: J_U jl 4_WjS-_*- A-lSI m<C*m«1 4_i__J 3 jl — j£ 

3j___i Ua 3j__>. 4J* j_-1jjj !_| i JLv 0 -C L^liLa 1jU>- jl^ JlSJj . ^jj___J1 
Ju__»j-o 3jJ___J1 oJJb J}A->. Jjj1j_J1 j>s j_o _j — _-_£J1 4 — l_iIjJ _--9 

jj__ij.-j jj Jj 3_J I <-_L__4 <-______-- J-pJl _»JL__ j^Jj i^-S-UI <j " "J> -- 

.<< j_"<MMjT <_»! j-_a <_-___ jU j_JI ^l__f (_£jJI jl — __ijy I» 4_a_t___>Jl <____ jlf£ 

4^L_-_C___ U | 4_L__1 JjjIj_JI __j _!______ j-SJj *<-.«j m./JjJ __!} SjJLI _»__ -____■ jj 

.^bJJI J_J_>_-J 4_>JL«_4 j — c J^-L_CJL Jjj — __J,1 jj___J_tj jl_j ^J-O-* 
^=> j - »1 j--Jj *— 3j t Xtl Ju__sj CjI jUc JjJ_3 Juu £-_____. ___-j — <_uj 

.(U-JI <__!} o_£^4 U1jl_-_! <__J1 4jjL_J1 4-j^jjjJI 4 .» aI ,,< U Vj! 

i^-Jj^l 4_dbJ1 _-Jj-=-JI *U_L 4jtj<Utt 4___JL- __!} («JLJ1 3_jC 

4J — jj_.ujj ^^lJI _Uji_Jtt J£ (JJ--J1 <_jLJjj ___C ^lUa <__ jj___j_il £-*-=^ 

<_-____J___s__J1 ^___jjJ1 j-a 3jL-_l___U -_jLjj_jJ,L L^IojjJ j»j_*-_J1 -_1j-4 J-£ jc 
j-_-Vl <__■ Uj-___u j___»Vl ^j>_a_jJ1 j! jrUJ (_jSJ RH Jj-j - ^jjJ — <_jj_j-$J 

jjj____cj 4 m<a>- 4_L___t 4j -__JJjJ1 4-Jlj-J.I <___- U_>u jf __JJj J_tva .4_)___? 

IjUj fj '^tl ^j-___jJ 1 400 4_Cj____j 5_>.jj (j-u. ,_jJ1 4Jb<J U«<>> 

(___. jJjjII J__Ji_--_J1 J______J 1 jJLc _»jj_vjj («J*-lI1 J___a_i_*j . IjrtU <a *-d — tli 

4__L__C j___1 jli UKj . Ji.|jJ1 ^-JJ 4jjjUJ1 j_sj 3j__ JjLu ^jJI ( 4J_LL 
Vj .4__c jJjjj (^jl-JI ___Ju___J1 _iljj Ji-1jJ1 ^--Jl ____cL___J1 (jjj-JI -slj 

4cj < rn - Jj_-jJ1 t JlA L jl_-' L! - _»J>J_-J iilj^U < --U J Jj»Ai (j! ^U*» < «j 

<i j__b 3jj____ ^^yi. ^e_fls_J1 ^J_a <_. j_« (jJJet.M ij-i-iT 3j1j_>. jJjJ ^J (jj»J * j^_J_-'T 

4____j <-uj ^j-so ^ylll *.Lj_L_JI (jtj . j_5t_JI IjLA (_-!__. j-r-j _>1 jj -tt- tJ -J j!--*f 

oljljtl j-j_-__-« jc (___jjl>J1 jlIc UjSj L__J — uA <_jL — l_jV _dJJ.j tt jUr 

j_U_i <_rrj-e_i tJLc J___u_bj 4_JLc 3j1j_>. 4_vjji __£tjjj_. JJo ^ 3j — __»J1 
4_vjjJ Lul JlaI ___-» <_____. I <___t_-.t_i ^__*_J1 jJ_-L 3jlj — >. 4_vj-i <_jI — <-*_>. 
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-_j_? i_)£j___ji <j____4 ^ jjls^ u jj*j) < *^ij4jj__i J £j J __n 

HR ^tnjlo^ l ^jJI ^ ^jJLl ^LJ ^ <_ltj_j t 4_jjju» 3« 1 ,,.t. | 
T L_jVl ajj_-_ ^ £j__b Oj^jj aSLj pSj .(oIIMaU L&l ,W1 JU 

W (\*>- _4 - ^j^U Sj-u_»j <j_. j_uu 4jjj ^Jj J^jj 

J*J~-> f__jj| ____ ( L$____i4jj_jj;| Sj1j_>J1 2Ujj L$J a^.nij tl 

OO^UI 4-* -_*U_i>t 3j____ <j*J U £jlj_J JjSJI ^ J ^j^ ____ 

C_J_A Uji3 ^IJ^ j-J^I (jKj jjujj , 0 „<| M\ 4j^j, ____ Vj>J 

Ojj U <j__L__; jLc 3j£ Jjjs i«olj_M, > ojj), Sj1j»>J1 4_*.jjJ ^UJj 
'jb^ c^i ^UJl *-»-_. Jj___ ^ Ji.| jJI 4_ji___ ji^ ^ 
^j^JI 3jlj--JI ^jj £jL <j*__ __Jj ^U*J| d j__ __,_5j^ ij^ 

j-jjU« Jj_j) j^—jjL V JJuu ^ n,r>J1 JU_J -j - j_J| _U_j Ujl__j 

OJ&^) L»___lj l_o t( jj__t1 oUuj____ JjJU £_j .4_iLt_J1 ^ (j___J| 

. 4_sL__J1 *j__ jjl__j <jjf ^ ( J_V| ____ 

Jj_*j 4____j (j_Uj L_« j|j >-_-_-■ j-^IUI UJ __J1 (__ 4j| _ij__ (j___j 

4_p-L_ *U^UL*__j a__-L_ jj___tlj L^jJjj*J| *LJ_.<j^_^j____ 
c-« <jw- <*U*--I ^jlj . Lj __v--_Jlj ^j.l j___ Jj__ _;j_4 

4i3jj« 4jjJ C-___ j J _J1j_2>j ^J-JI _,! (_*-J- -JJ-J) uj-__-«jJ f LJj J-L«? 

^u^^i jijju 4j__,_i i^jjL^aj^i^^^ji j^^|4jU_^jJL, 

<j_Jj <Jp- Ij-K .<j->j - I ____ SLpJI jjLj jj „,n-J 4xj>U|j SJjjJaJI 

^U-JjjU^^L^I t L_j_ L__ ,^ J _____ it ___L_l1 (jj_JI 4jL$j Jj* 
t^er- ^-^-4---^j--L--Sjj_^ 

JU-J _»f _>-«-~JI J-~ L_>_ <jL JU_j ^jj_i jj^ ^JJ (jjjuijJI ^jjJUI 

(> Ja£i f lj_ 3.6 0 | j| - fj_ulj Ji*. ^jl^l U I jj 4jjIjj*j LJ>__^ 

^j^JI (Jj^jJ ^^ o-^ ^J I (j^ ^.^SU ji, J^^^^UI ^jjjIjJI 
U uUj_« oSJj .(jjjjl j -jj^. U.L__ jjjjUjI jb___f 5 jSUJI 0 jl_ (j^Lij 
aS3j '^ti * j-> ^i u-W-JL, lj_J_: j__a| f jjj( jj| j^ 0 f 
h±)^k Ui^ subatomic energy «SjjJI oLjSU ^Us» 0 f U__lj U 
L«3j^i ^l _j|jji__JI ^ (j_jj . j*j*_l1 j ^^^u-JI 5L*. jjL ^Uj-J ^L_Lc 


^UUlj JjVl (jjJJi*J1 <S+* cr^ subatomic physics SjjJI ^Lijl* *L^ 
(jCulL^ SLuoUJl 3ii l ..;tl «jjJ^ilL» oy^4 £^ £*J 'oiJ-' 1 *^ '-^ 1 ^ 
^ jj^t" y^tt c^Vj_!I ^jj d 1920 j_ i* (jj—^i ^Lt__J 
: JLa j^. <a*JI ^ j_J ^LLjj-JI ^IjU t^i-lt ^L^I 

jo£ JSUjj 4iiL_1 Uj>_4 (O^uJI J * *' 

>T ll^oj^O^C^ ^Ojj-^ IXaj.Uj4_ij>« 

^ Sj^jj *cJSjjL> t 3jj^.jHj 44JJJOJ- 1 LLj-^. 

Ljj uUU^I ^>*i ot» ^U*! UjjIjjj J -> , >- i, 
jl£j ^jj" m,H ul .4j*ji. L$j J^jj U— U u 
^AC-,,,.; 6? — — * — >^ U ,:s ! oS^J^ ^ 

L^LUi jljl»^^^ U^o-^l^j^j-*^-^ 

.2Ll_ U jjL 15 (^JU cyl^ SjLh^ 1 L>* 

:<UJJ L__j L» JJJ^J jj W i m .Ij 

^jai^l Sj j 4l£ <jf ^jj^jj uj— (o-±"4>*) C& 

- L^Ja Jjl\ 2bujVl (j^-jjJUaJI ^b J J- O* J^ 

SLtiSUt ^ j£lia 4_j . jj-_JI I j— 4jw *Uu_1 *U*k. 
OjjJI du> .120 ^ o-^ lJuJjUI Aoi^cr^ 

.4 jU^jj^lSj^lu^j 1.008 o^jj^^L$jj—M 

jl^N U 8 -^ -U^ llA^ Ju>Jl ^LAjJu^ J^O* 
(j^l _.j_- .4_, f£jJL*jJ jj* 4J[ ^U_«V1 dJ__ <jj-> L>* 

43LLJI 3 h< .ur* J!uj 0 „ o\\\ <jfj — 3 y SjL_II cj\ 

\*< x _JjJ . Jj^l 4JU1 jMi. —-i-l ^l 4_^uj^<JI 
£y> ^jJL^JI ^LU-I JL_ aSlUUl 43_J1 4-^ L . . , n .~<jf 

2bi jli 4_j\* ^Al^cy* ^l (> 5 o^ ^ii -L^JJ^' 
(jjjSaJ J* ^jjj^JW sji-^lj *lt^jj^ o* 

j j<- ... aslU:tl Sj| j^JI ^U». ' WA 3 J^ ! J-- 3 ^ 
^J} ^ jj<J <jJ j LuUU^Li , UjU 4^1^ (>* 

.^jJjdJI JckI 4^1L jJuus^ (>C *±*5*JI (j^ JJJ^ 1 
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c-*j--lt .___U1 

bj-__- i ,AU\ j_«Vl j— £Jj <-c_i_*_-__J1 j^jJI <__1__ jj M ,.,j <jj-*j->I u-* 
<Uj Ur, ,„ V fj_*_JI ^ 4__,t_£JI 4__LL_JI J^lkj J ..u^LS ^ ____.. 

Cj-- ^yj} 3 jl — __VI 4 i o ,JV*m ^jJI *j — <_u 4_p-Lj j^s -"J 

^_-L-- l£>*-' 4___p_Lj £yij *uy?- jj-^ j-^.1 j f> 7.1 Cy> «2 -U1 

l_j jjJ___ j-a ^ ^ (___J| j_J1 L^I_£_l* pl" ..." 5_LaLCJ1 - .1 ...^H 
(____ 4___a__JI *>a_-> jsjju l__»j___j , (jj__JI *__»LJuj_»i_c. 4jL$j (____*. J_«LS_JLj 

Jji__. -_a Jj-*JJ ^j^-JI -dia ^«—Lc <jj La Jj__j L_i__tj i< >( ,„L-i1 (jL-Cil 

£__jj L__u 4____sL_J1 <__.L_sL_J,l (j-^ljrtl 4_u_j 4__jjJ_5 __J1 (jj_2Jl oLijj_____. 

4_i____tl (j-tJa-J JjJ* <-j j< < . „1_ <__Ji J-_oj3 L__ ( J_iVl (__!__ ^jjcJJI 0 }yt.) 

j-iiu ___l_x__.j 4__j — __ L«_- (jjj-*-?! (jrtj £-*_>JI <jt — -~ o-a <jL£j tSajJu>JI 
V'j--U J_--> ubTj 'Oj-S-li <_^ -i-l-U 4-jj A.JI 5 j___j <___> ji-T tp-i* 
(_-_. L__L_- LjJo. C.mmI j *_£_>!_-. VJ <____ La (ju-o __JI 0 } 3j ,,1/1 jJI 

J>U_ (j_« 4 — _____ <_>__ l__ — ,„< j , ,, ^jJI J_JjJI (jjLa __Ua_C ,4___jL_J1 l_jjj 

L_oL- L__u_w (j__J 4j1_i 4jLl_11 l-JjJ (j! j_4> 3juJL>J1 d-i l mU ol j____j-a 

.(jj<J1 <___ 

( _,Ujtr>V<t l ^ — __jJl ___3 4JLlJLI (jjUI £j--__- 4__M_- <jt j-J-JL jJ-La-j 

(jjJ ________ IjLii^ja-JLtl __JJ oLal ,„U (j__ LJ >LJj J____c_ 4___1_i HR 

4jJIj-UI (j <i« ^ 4j (j__L___*JI -J_ji1 4___^jju_ (jLCo^L * .p r :t| 

ll-A (_-U->3 .^c_*__J (3 1UU gj,r><11 4_wjJ (_, Lc 1 JJb LJjUj i4_j_____jj jj| 

Ijla . L_t *jl*j ^l"<r« ,„_? (_5j__>L__J1 gj___uJ1 _>-L_i j-_> l_ij_L__X1 J_C(jI 
^ 2_Jj4_-J1 i>j^j r, ,„jT jj^Vl (jf( s _j_^j.?j_JlL__^(> J_iVl(^ 

_-Ji 4jjjJ1 ----- Jl J-Iol _____ *L____J1 ___i jLill l_u uaj 4-__>L_- t( jjxL__J1 

J-Uj 4JL__*jj (4jL__L_j1 < , t iji » n ) t<^--JI (j-o J1_Lj jLiJI _ji ]>i ( ^«_9__J1 

4JL_- Vj i5j_*_*J1 __JI (JjJLI — __L 4__jj_w 4_JL__ dJLAj - 1jtj-*_v1 j_-il 
(jjJJI (j-« J_> _U_>j Cj L l L <_ C (___! 1 JLA J-^Jujj .*1j_4_»J1 4_>.jj>.jJ1 ^lji LJ 

<jL_VI ajjt (j_« < nj<iV<tl Sju__> t__VL>. (jLSL-yL ( jL_' _jjj i^j______11j 

_t>.|j d L>u1 (___» 4__ll_*_a fj_*u JLloj _9Jj_-> (j__ i( ___Ljj__3 J_C___j JiiVl (__J__ 
(j_jL_U _u1_l=_1__1 Jaj__v ___i 4_v__L>JI 3jU.>Jl (j-Jj . *L___J1 __i) Ljj-_j 
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1*11 &jU 


( L,Ui <____*_« it,. ^r.itl <> £j_ JM_- <j— « 4_uj__11 __i--____-l1 

^j_^j__u_ U£ <j-> 

._,j_J1 - ^j.^tt 4_)}U (j-_ U_-jlS--t jujl-J __1c (j____U J__»jJ 

S ____! ' * --1 jU ... f c> 'N 4_*j__ d-_____-r_ T 1 _*_->_; 
- 1846) jjj^u ^j!j4 ^-^jjj^lj—^lc^^ti^Jlj <<--uj-_^J1 
j_x«_.1826 ^1*11 _j_-jU4__,U j___jJL I_ujl« -^-^? lS-JI .(1919 
^LJ! J_*1J r l^i J*-« u^j ^lj* -1*t4j <>•--« ^ 
J!u_ cilliJ! ^JjJ bL__ -u_ V I -_Uft>l <j-Jj i __u_uj_-_1 (j_u_U_Jt t>> 
,j__f jj-U(j-«4j Uj__- <__J1j ^ji^l __.ljU-__J~^_-^4-d_y_ _U__- 

^L— sll^tt^o* >^j-j-j-(1938- 1858)^j^u^UoJj 
^jJI J JT - 4___ j^HJ -_A^11 ____u__jJI (jj^t er--»^-* o— * 
,__*____> jj__.s _-_ Jo.y— c..".H j-^JI j <-L_J1 SLLcUJI ^ju _ I p\jJ* u - ,„L» 
jjj^j --! jJt <___. S j j_U1 ^ j-j-Jt £j---> ^^J-_> 
i 3jL____1 Js _ I r L _l -dJ_ £_: j_3j - _jL-jU __JJ L^L___j1j if _5____. 
__1jj_* __L^L___T c-JUJI <-___■ _>^Ji jM; Vj * JUjJ! 0- u---^J^b 
4___<>_ t_U__-1 ^j^^^-^j.c^l^i J^^^UJjL^ 
_dl_J! __. 4-tUtj 3jj_3 _>_. (jA .^(j^Sj— _-JI *_j__ _>_^ t 4__»UJ! 

^ Jji-jJI 4___ j_J <j^__uuJ L_aAj i(-_u2_-Jl ___»_Jt JU-* <_-- J-**AJ 

^i <__,jGj .-dt_-_-j JUjJI _-U |j_______ j___L_JI ^\&\ -JLJ! 

c___*-JI <__!! (1921 - 1868) c_--_-uJ <j1 j— U_>^ 'L----- 1 ^> 

I jj__ <j_wt U j- <> 2u_jJ--^ >*-M Jj!) 1895 r L__J! _jUjU _j__>-u 

4__ujj JUU U_-l -__*ui_-f U_T (>» f__jJ1 _-U *<-UL_JI fJ*J U___U_- __J1 
L$j JoLlj ,(__jj___J1 jjj-___JL <(4jj__«jjj_J!» *j__-JI 3j__- _>-U_ 3jl_V 
__|j_i_j v; U-UX >Juj (__JI i3ju*-X! fj?--l 
V WL! c-Aj ^jJ-jJt <ul jU__J1 tiJJ^ l_sj_-_4__. jt 4_jU1_ 
_-_Ij__jj3_) jJ3-__3 CjL__-jJ (jru 4jjL_JL1 (JL-Jj- 0 (j-^ ^i Uj_--> O— ^ 

U l_i (jUr,,..V 4__l_i-_- 2Uioj ei\jj* <J* U_-L__JI ^j-*j 3a_-1j 4____U 

^jd^io juc j»_>*-JI (j-« l?T u-^ 
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4f»j— f .L__lt 


_._* j^__ji _„__*j _,t ^suj _jt .^jj ,,j cjjjjiii^ <> j__ dja_^>jj 

u-> <*Sj> oL_j_m_~ ^ 4 4ujLu 4 aj ts; n L__ j_ .-__M H 
J_-u _-L_L_JI 2____1j_ 0 f _!___. 6 T _ f U | 

Sjail* r j*U| _j_j _,f < L.l_ .^j^iJI J__ ^LiJ 1 -j-.., 

|j_-j <a_LL__LJ| L^^^-.^ L^j___^j_ u^, ! 

(*»-— 2 eJ*- 1 - 0? <-Sj-- Cy^3 ._3l_ jl*.<___.^ ^____ 

5 JJ-* <jr- W— J----3 i_ff U <> J-Ur^ ^STij 

C^JJ.cdJj^LSt U__.J_L____J1 ( :j^ ( J^ j ^^3j J -^L. < 5 Ji jj 

V_—U jt o^jl—i^ IjSj^ ^l ^jJl ^^^jji __l_. ___*! 
*L*j ._ru_Jlj ^j^JI o1_ 4jSj^ ljjJ. _^L__ a_£j_"___j «Cepheids 
^jU^^L^j^^^^^j^yi j__j ^ 

Uijjjjji <jj^ Lgj J^ yi ___J| ^JU ^-«I* fU_>_- f_J__ J jJI , I "U 

__t____j.a___21 o^j^^j^^(>(j^U J^ ( 1784 r ___ll 
u>—-' f L_ )f 'j £j-__J1 ___ <___ _>_jUj_i lugjg -i_<^ 

•^'j oj~ ^ Sj-l—S _.1j__ _J_ ^L_|j oLU ij^nit 
^jj 4_U ____^ _uj_ _,__& _J_ a^Lkll _>j__ jj_g Ulu ( 4jL_ L jT 


^jl rn fl _u ^/U_« 

U 1 ^)- cpJlj J>£ <-_! S_ji*Ul ^j—JI jjj__JI _iL_-jJ ______ I 

^L*___ ^--L _ L-j-u rJ *_l _^L___ _> ^jU jU 
oti>~ Wito-M aSj <lO^-< U^^^L^j^JL^I^jL^L 

.-__-____, ^jJI _LpJ|^j_5j^^j__^ 0 Li^^ 6 Ljjai__ 
O-jL^J- ^J-" (j^ ujjjO-JI 4_j___|jjJ1 L^IajLLa *L-M '~-_V __J___ , _j 

__j____ _LL_ _____ _>_ ___i_ (SMC) ^j_u_JI ojUL 4jL___ ^ 

^jl___lL, L^lj__ gjj_) «j.jLl. L_j__i j!_rV| cjLaj^LI <_^~ 

_____j . l^jjj. ^ ^j_^ oJ j__j (axa_c 3j__L jjLk: _4_ 
cjj_Ijj 1912 f L_1 ^ ^j 1 1908 r UJI ^^j ^jUI L^L____| 
^J-Lm ;___ £j___| 5j_ _>Lc j_j_ 2Li_J cjLjLw 1 
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2bb__- <-_ ^jLu- 6d>^J ^ 

4->L_i1 _)1 er-- c-^-Jt ^J^3 •Li^^ 1 O^L* 
-^l >,___ __u_u <2bL_J SJLutj tiLH^Jl U-W-« *»-*_-_- <J* J-> 

6 ! __*aJ_j .SLuj<,J-at U^LLo _Ji J_>_-11 ^ j-^W 

___- <_>- UWJ L__Lu "^-^ 1 oU*L_^t ^ oU^I ----- 
_j! j__J1 _j__> Lujj ot >____ jJLp _-j .t5>i^^ <j^** ^U____ c> 
WJL o _Ot_- - 1 *j_- o*Jj • 2 ---- U ^jLuJt __^<>~i:~- ^J--J1 

4jj1a <U__ ^J— _?>~---l ^-_--« c^l 

r j~i_ ^j_-_-JI ^J-_---l <>.--j3 » J-^J *_*-^ 4^L_^it 

L^L^ j_u «>_ <_*-_J1 J-L-Jt r L--?l J- 5 -- J-^ 


^ J ____-t £j_-_J1 <»-_> 'j '"* _■ • 

t 43jj_ c^J _?j----t ^b____ -^J^-* ^ CJ^ ^ 

<jj-_ ^Lt 2uMi 3jj_ 4-J u-j-L- *^J- lt^ * J 1 -*- 
Ij^J ___Jj . Ujj 30 4-jj_ ji-1 u-jLL_ £____ o--— ^J--" 

__jjj-_ _>-jLL;_ 2L_j_J jlUI £j_-__l _.! JAJ ^J 1*3-- 
;wDb ,j_-j^ <-- J^b *-L_J.t j--_ u ! _Ji 1j--- . Lj_«--» a^l^L 
J_ -_e__>tj .^jJ---J1 0>L~ ^b*_- u-jLL^ f j~> 
_^jLL_ =L_j- ^ j! ^ _Ji ttl— H J* 

^ l__ < wj j>__J1 ^j___Ji *->j- j^j^ c^? ^h^i L- ^jj 1 -^ 1 
^ ^j) ^jLLj. a^j^ a^b j-J a__iai gj-__il oUjj _L_____I 

,>L>JI 3jj^ (>• ^ ^ _L__-V1 j_>j .(Ui. 1_L_4 
.oaAJ 4____^1 ^aJI period - luminosity law *Lu__l J-_- jt 

f 3*iJt ^i __l_L_JLI o-- 5 Jj f J- 6 t 1 ^""^-^ 

^L_J1 c-Uj- _j__-3 ,1913 ^UJI ^ -_l_j ^ 3__u>_UI o_jL_^ 

^ JUJt ^ U-j t(> _-Jj . (#) ^jui _Ji -4_L_U1 a-.j>U1 

t^at ,--Lj- --J1 6^ J^-L, j-_-_jJ1 -_LL__ o>j t -J-i--l 

_ *_ol J^l . JJ_ _v _ o^j--- j j-1 ^Li ^JjU # jo_3j J-j (*) 
. 1914 j»l_t -AaL-Jtb l_aUJ! _>t jj-3_' ^ _^ 
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j*j) 5_L_. 30.000 UjJ_J c£j____1 (jjU-U 4jL*__ «__lj 2*l..A\ 

jL__V| ^ £__>j ^ jJI CuJ_*J1 j J JU_J| jJUjj f ((^^hW 10.000 

li« 170.000 t(J U-» Jt (^ (j£i <cJ ^l o'j-^VIj Jj^JI ^ j_*U_ 
cruu^ (jl jl_ t 4_UX1 ,j__ j__.j.(L*_ > _ L___j_i 52.000) :Uj_o 

ot_ a^s>__ 4_l_ 1000 ^i_^p jj.Vi <>_. Ua^oIjl^ ^jLl^ 
Ji4jUj_>j t Li_ Uaj^(>^UI^0.6^j^ Juj V ju__JI lj___ 

JJj-uJI J-lL*JJ . U^JJU c_ci__J ^^^^uujJI _<_£*___] 3_>.j_ ^ M^i__ | 
LJjj j_i> Jjf _______ <j_, _____ ^j^gi^ __Jj 

<j--L--~ (jl Cr*^J .*_ii___J| (__- »1 c^inH ^L^JI d^U___JI _JJL_ ____ 

_>_. iiuji mj j j>.i j ^j^jji ;u__ jaf ^ ^ll^ _u! 

4j_j_u_J1 C.Uj__*XI ^ (jtj .^Jj^i (> (jjSLJt d__| j_ <___ 4n^Al 

Jj Cilj____c ____ ^ju^; t *L___J| <___ _____ c_t__>_ ^l yj*^1 <j— ■ • 

.^Jliai £j___it1 cjUj.j <jlj-^ j .3U__UI J--JI u_l _ r j*DI <__U__j 

a_-L_xi -_,___. _i*j___ <-__j_v*xi (._ ___ij ^jU* ^ __u_- <_,_. i jjj 

^ (> l__b 4 U^u I — « __1__ Sj^U ( 4__jjj_, ^j-till I" ^j^. ^ tl 

jj^ijij jij^vi (^j^Uo a-jijj , j_u_- . u^j T j^ui ^uij 

~~ t_^H^>W utnjU^ UI ^ -_jj| <___ J_.___J Ul^Ij^ JUJ_x_ jlLc 

(> UL_X Lj_>jJ_ij Ujjj c,j^_. <_l]1 (j^jLLj^ 3L^ (jSJj . J___j 

.a_L_ji VJ . ^ijj u j^<_j (j_»jiji ajjL_* juc (jjs_i 

l£j--V! u»»^» _jUsL_XIj ^jLouJj f> __>u 

<> J^ ~-l. >Vl M, l J_J__U L_U_4 (jj_JI JgUM j; ... -.,,^ | 

_Jj~r- c^Je -~-'j J^j l>°U- ^jjj UUt IIla (j-^lj «cjLjSUIiJI 
^L_j ^j. ^j? _n_ ^jl. ,(1938 _ 1868) J__^ ^j,^? 
j-bU^ JZJ ^jjI jV1 oIjULIj JU1 (> oUSL, (jju__XI j_pJ1 JaI 
.5jjj_*. ___.1j_«j cjLj___Jj ,L JU^ ^ JUI I j^J ^LJI jUlUV1 
( U J j__Jl_' < __i (jj-^4ij ^jj» ^ (<u * j_._C^5L«Uc 7 --X5^J 
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^ _m ji^>ji * wbj^- - j^y w <u»j* 'j^j 

V J <,„.- (jjSJI L__.L_i___-«t 4JL>.jJ.U jjk <-_* <___.UVlj 

> J^) j5j~ -_»j<,,.ft ^l ^jj-Jttj 100 ^i^ ^u 
Jljj^j 1918 r ui <jj-~4, J> ^ J-- 1 s^j '(^ &* 1 
^^lj^^.^l,^^^ ^ 
t ;^ * Jj__J ___ ^U *4JL___ 30 ^Juo J& <j-j^1 M j^ 
- 1889) JjU <jjj4 U- <jL__I U--U! <l1_- J*_dl <__1jjj <uj-JI <> 
.(1972- 1891) oj-Ujauj^j (1953 

jl_*3 V SjUu ^jJI JjU (j-C _»Tj_23 Lo J£ Jj_*_-_3 _1 ilLk. _j__- _JJ 
-_jUJ1 4j1jJL_(j-- L____-_x_i---JtjSj-.LJI -uljU_i(>> yL.4_____L_T<> 

_>__ U^JL V I juh ^h? * U_^L UU* L»jj *-t 4-U_lj <<^Li__- 

,__1_]| _-_ 4JUc 4_j-<a--bl 

___j_> Sj^JL a_L_jL- J— c-J a-jUji. 4_i£j£ > - ^" " 'I 6— a Jj^ l-U 
.(1972 - 1865) ^L-A jJjU j_* 4_ujl>JI AlojUJt 4j___. a_L_J1 

«> ^UJI jJLJI 4_jL«_ ^ J**J1 lj_» J___-j i J___jJ JjL__J1 _u_vtJ1 
__*_j>» _____ 4-__»jj 60 jI___j L__?U Lj-C-Jj j--L^___.1 ._jjj— _>-M 

j__ I ju-j . 1918 1908 <> r I j__Vl ^ ju. Oj—J-i 
( _ J j_-_-i_J1 f jVi ...I 6- JLft ^L-i- <jKj .-dl-GT^L-JI v __U__-i- 
jjLajU ju_, jJL !___» jl. J_*J J-B-l 4—-JJ . 4_____»jj 100 j_L___il <_;_. 

3_u__j| sjU_---«VI a_u_ j__ 4 ... __-_.L_. I j____j * 1921 ^L—JI -_~-Jj-" 

^l ^ * Jl^t-I __,j_______!l 4J U_-Lt ^SJI __L_l£^yi > 

r j*i J*_-JL <_--> cj-jU* a^j* U*M __-> cr-lj t^l---" ^JJ-^ 1 
__iljJ1 j_--Jt jtSj-^l^j^^j^^-^Lo^l L^^jjj_-!4___U 

\q\* t: U-) ^jUj- ^js: f j*_ jJ-— J-U^» U-Tji-. tfj-*j .Lyrae 

5jjJ -_-J_- (> 4__o__™ 4_3>L_. C_lj (_>_Jj *(->--l " . olt 4_^ Citj—ij^ 

Cjjjj ^l ^L__i-Vt (j-^u ,LJi Jo^Jt <>---*J (j-Utj • *U--i1 c5--- 

4_t rlU^i yy.j i J-JiJt tj-A 4^1. -Llj___ jj l_>J1 (^L___l -)LU_- 

j^Vl o^j) -U1 JlJ-_j J I ^J * ■sj- 5 - 1 3j—aL__J LL-___- ^---j -J 
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<jr- *J-™-N Jojj_-_, _)| (__j|j <j_,Ujjj j^JJLc. Jum _-j_sj J»bj-J 
J___ (_ic ^ ^U., i a 4_<ij____-i j__ 4jL_J1 c_jj_ f___,L <_9jjjlUj Jo_| r l ~ ... 

_*| <__* U J JI (jtj <f-j_t_l <j_, 4_jU j| Ju_1 <____. (Jji*J j_< 
<j-x) — _JI (j^U^jJt (^— * ^ <j_. jl — -_j .-JjL^JI Sj___J1 <OL_><j__» ___lj 
L__oT Jo^jj (jSJj.4jL.UI L_jj_.<___Jjj (^jJI ^j_t_J| u^j^j<j^ J 
^L ^jjjwj 4jjj< _jU jl__« Ljj-u (__> ^J-t-l <j_a Sj_-j-« Cilt„»>] 
U?--- J*_JJ 4jL_1 «_jjj _g j"< C_*_j (jj_ 2jj_vj„ 4jjj_ cult.c->i 

J}U <__jI___ < n ,V(< lj . 4jLlJI ___,_ Jj__ __ jj_> J!uj „1,^11 LjjT 

<Sj-_l ^Jjk j<j^jj <jjf 4jjj_J1 ___*_! __L_J.1 _J_jUJ ,j| jl_.J 

.4_L_JI ^j^j^^ci^^H^iJI (ji«M „U VL^^ju V Lmo^jj 

j-_ 4__>j_ 4j|j 4_L_J| <_j j_ <jf 1920 ^UJI Jji*j 4jI__LS ____.jfj 

10.000 L_ jl___u 4_L_JI w j j_> ob v j- 100.000 

l^ijjij 4xUj! JljjVj.(4^jj^4j^ 30.000 (j^ j^^^^^jja 

(j^jLLj^ 4_i<j< (jrijj 3 jLj_JI 4_£j<^j_>_ jAj J____J1j jj^__J| 31C A„, 
<j_« 4_L_1 Vj j j_j_* __Jj 4_i___m jjj_3j (jt (jVl j__ (j__,j - 

-____j 4j<jj ^_j__ 9000 - 8000 _____-Jl ^jjt _|) c_j|j___ji 
28.000 _. _,_-( 4___j__ jj___ ^jji) 5j___jai jj___j !__>. Ui__ Ij_jjlS3 

__i_ 4_u__, jjjj _- 4j|_ 4_l_ji ojjj_j_ji_ _j:_ .(___*_*_ £__-j-_ 

a_u ._jj__a __Jj (j-LliJL l___j_3j LL_ jul*j - _____ _,_«_>_ * . - ____U 

jj_J_- L_L_j L____ <Ju_ (_i)L_i <jf -^lj (j_, a_uu_>f JST ^ISj Vl jf 

*u_f ji.b <_pLc ^j^» __tj (j-^uiJLj jj. y ^u___ji (.a Lu-j^ ajLsu 

4_,jI__U (j-*-__ (jLUI JjJU J_i__ |jj__£. __jLj *4jl_0J1 C_)jJ S jJfcXt (j_5 J_l 

<jt <-jL^j___*J1 -Ji« (__ j-___1j (jLU- ____ jL____.VI ______ |j__ £_*j 

^Sj Jj-^j (> (*— cjJI c-l^J -uj-^t tjp— — <^_JI <J *t— 3l j a___L_J( c_jj_ 

jL___V1 (jl_i <(jiL>L oLL_*___ Jfu) JjUI .U__ (__) fr jj__J| ^ 4_4_Lc. 

4j_____j) 4_L_I ^JjJlI 4jlj LjUaV 3j_c4.,-_> oUjJ_Lo I J L^j! JjI _J1 

.4_L_J1 c_jj_ Ji-b^jbji,. jLc. -LL> ,„ _4_! jT ,(4jjj5 -IjL-Cj^ 
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j-ij-A (___-Jju.Vl <JJ (j__ i-ili-JI ^LJLc <j — « <U7i'° > S_ija_*_-i -L__1 <j? j — J-_ 

j^JI <->--^ ^J-- 1 (1942 - 1872) ^jjs; 

3 i 7Ti iii a _1j_*_<3 J*iJL <___* Spiral nebulae -_j_jj-_>J1 2Uj — _*»Vl olut, 

(Jl*. 1_ ! _£__I1 Jf— j" <__j 1 Uj_»o (jj -t-j J - J 1 1 Jl>. 3jU_uj l — ^jI Jj 

jj^»! -_.L_JI ujj.. ^ ----^ ' J * ( * Will -Lj< ...ritl J_-__iL 

<_lj_-e_a <j-U «Sj_jj_>- -UjJLcj _J>J->"» (-£>— 

(j_-_J 4-4j <__JjI i jJ-3 L_4 1j_u_>* 

. 1 JJ_VJ V jl_> *L__1 ___S £j m"| ? a J -_L_4 3j_U_C 

j> JL5e-U.nl »1924/ 1923 <_-v-L-_ *-___.(^ ,4j_-JI JjLk J-wJ Ll^aj 
<__-_ 4-0 j__ ^-j_>-J J-tL-u ^-lsa-U-ulj >JJ 100 -j-___9 J^J— -_Jj->__ JjLb 
IjUAjjJU? <L_>jf> 0_>o1 <____ M 31 f______L -_-tj-*J — ' o-Jjj"-»- fUJ — 

jf __J1 p ...u L-L_-J U-JI jL_ ..njj) ConstellationAndromeda 

-uL_4 U _Jj J___Vl j . (Andromeda Galaxy I jlwjj jlU s j___ 

^j __J1 <____ (j-jjUjI. 2L_*j£ _>« jjjulII jjju-u ^L_=u — ___t jl , Jj__>_jJL 

2bl j__ ^? llr ^_ j^uu j__ 300.000 cJ-L L_oLuT i,, , n -rj <jts 

^l 4-3 1 _t_jJL>Jl SjjL-JLI ^U-a-J L_u--> (j--Jj '-^AjH— — " UJ--- 4 

Sj_*-4(jt (j^t jju L_5__u__>l <_>j_*_>Jl Jla _;>__!, >JJ-Sj £-A ^jU-lS 

^__ j_. 700.000 a_al_-_JLI J_j jj . I j_u_; _J j <> jl-jI I jlwjjju! 

j_j_>_- Jj_wj 4J _Jh---J-J _>l — _-__iVI 1_U- jj--J1 ^-JLc JjL_ joLj — c>>_i 

. _>U_UJJ_> -_-1j_» J--1 I 4-4 *-UjL-4 SjJ__ _£j->J 4_-jJ Uit ^ (J-JjUjl 

(___a Uj i_lj-s-JLl (__J| _L_»I 11 (j-«L--J 3juj_>. oLl_ _l j_*j — uil ^uj 

( supernovae pt^^Vl _1jjl*i11 j t Sj_s___l)l1 ^j_*-JJ jl_o j _LJU__ _Jj 
JIUU _____» Vl j___>J1 (j-__i_ -____j>__JI 4_>.j ____ U-* » » > - U- u--— 'j 

^jU^Aj L__L__a JL-wjJ UJlo -L)t _£___> 1j -t-u__>! L-U-l (_____, L . . KJ I < . -3j t^J__J 

J_ub _1 j_*ll (j_- t^^M' — — * — -—^ ™- ^J 3 ^W^ 1 *tO-> c> (^J^?— 1 
JfC(__3 4-uj_-JI uj > "Jl uc^Mj _^J^(_-J— J-Uil c— ujil uj-^' (3-—— 
Sj j JjJe-4 JJUJ V 2L-j___*__J1 a__^jj_JLl (jL___ <__ (j-^-j ._L^_>UuVl 

«L^L--_SI»^^j*Sjj-^l ( j_--llj iLi__. L^ja—ll Ji-— «_ i-L-JI -jjj jl U-_-{#) 
. L^Lsol J& -_j__t» jj-ji-c. Jj-- L_j_ VI 
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^H-A^» 3jJ__-J| J1j_V (jSJj .^L-JI Ijla Jib 4*feb 

^jUja ^ jj>_ 4j_-_JL ^LcJLl - £j___J1 2L_}L- (jjS- 4_jU. 
-_bu*tfl Jiu) 4^L__*1I 4jjj_J1 olj__jUI 5 ^L^ l*_L_T ^ ^j 
(jJj^I 4_LL_-_J1 oLjj___J1 4__li. j_.1j «Krt^l JljjV <jSJj (^b^i 
L_j__ c__j__ ^lj , jj^ji 4___« J!u jti\j 
. ( jj > «l*JI <jj_aJ| Ci LntM i j jjjSJI ^ LSjLSU <j_ 

4^J___| ^jJI o_LJtl <j-Lio ^jU *M 31 Jlla LJ £__jj U_L* 

.(431 J 4jLU1 V jjJ 4__j <jlUl f_^nJ1 ^jjUJ) oy^ ^ 
<— «a_J U <jf > dj^ cr- 1 »U ..Jl 4jl3j C^LScjj-it OjIS' 

Zj=*X angular size ^jlj-JI <w_J1 j_ 4_b__-J1 ^ tdiiJI f l ^ l r 
< ■ « ^Us^ljJI <ya ^ Lm> V jj3? L^jT |jjl__| |jjj 4 *U__Jl 
jt JjU* JL_> _M 4jjJ 3jj_> oi - t^' <> ^ U. jJL_T L«it 

<5j1jJI ^»-"1 <> jojj ^V o-SUj 'K'«- ^h' 747 J_ Sj__L_ 
<j_j a^UI ^L_L 747 SUL^» ^jU *jJU ^jSJj * - ...r. 

cjIj^UI ^UL^ cy* JJ_J1 <jL_- _U jj . 3 jjUJI jl_*j ^jJ. _ijj____i 
4jIoJ| ^ 4jLUI <_jj_ ^ juuVl ol j_p_U r U_*t <jt ^Lu 
•Ui-N <jt^ *er~ («-k-oT ^ 4_LU1 tjj. 3j_« <jf Ijuj t *3|jJ| ^ J^ 

J_u_JI 4_J__ j1j__ J__u J j__J1 ^ju jj.^ti | (j_SJj 

<jT Ija-U LU J__*b 4jT jjj_ t __l___J1 <j_-L_X 4jjskjjJlJ| <- J jj____J|j 
Oh-JI U-* J^-Vl J_J1 j_-|j| ^ _Jjj /^^J) 3U ...y.. Loj^ 

SjJjlj-il -jUjIUI JjU ^L__-JI t-jjSluJj ^ j_*i_l <jt jutj ijjjjJ. »JI 
^b^AI (>»j^-a-. ^l _L^L__aj (jjSj jjjl_ ^JI Jj_, jiJ^jLii 

.2LL-J1 ljjjJ 4J_U11 4jjjjJL-J1 
oj--Uj_% ojAjla 5j_L_uu « 1924 - 1923 ^UJ ojl^ JjU ^Lj 

4jL__.Li (j_* J-.-.jj .^UujM-JI ^d-a^j CjLjJjj^I^I j.-ljt^ 

AajT (jJ| (jjSJI (jU_.t ^ 3 JUju CjI jj*^ (jnjj LLLlj 4ius_J1 0_L____JJ 

^ o&j ^jL 3^ VJJ 6 ? i^t ^ ^ 
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3 j _-LI1 fjMj\ njT* _Lut j! __5j_--J . 4___5jj 4jUI l__j<_ — -Jjj iJSa 

f j_ ( _> ^ Ln . . *t 4_i_jJ_JI __*1j_*JL1 (j_« 4J__>. oLjJI ___< U___L_i < t-> S*a (j__*j 
c lU- .„ 1 .|j__> ^ ^jJI _____ 4J_Jj 4 4_ijjj_U ol __JLc l_iL_I — _J,1 

jt ptx^V) __.!_,„ t JiLa (jjj i4_«Lu lLjIj ajJLl l£>-~^ ^Lua 3j»_jL-Da 

(jLuJ 4jjj_i __i1 jjIJjo L^l jl*___1j *oUjjjJL>JI _-_ 3j_L4_» Jl____i4 _j----- 

<_____ (j-jjL-Lij 4j<j£ JJ_-J L$J_i (j--4J V L_-Mj ilj_U J__1 _-1 J_*-* _l *-4 

(_*>__*. i_»j__> * '"t l 4_J_vC __ic lJ__L_. JjL__ LlLuj . 4_l__jj 4jU1 ^l J_kIL__L 

-_*UJLl t>-j 4_aM__. _sj_wj lJ-_____CI j| - 4___.b L~u1_ (jji-l _£_J1 L_-L___rV1 

.4_L_ UjJJ J-l_>IjJI ^j-L-aJI < htU ___• *.1j_a_>Jl ^j_>jJ1j U 3j_*_a __Jj 
(j-a __j5M gjiMI _____ *1j-«_*JI __L>j\_-jJ1 4 Ac (jj Jj-U <j? I — Jj 

^(1969- 1875) jn_. „, j" ,V,q((^j----JI)) 

JjjjJ JL__j_a ___ J — <uu (jlf? U-Lu t( jJj — _o_J1 (j>-Jl (j-a l-jUJI _____JI 

.4___jJ 24 *J_____ (J__?L__ l_)j___Jj JI>_5- (j-0 (Ujjjjt - __________ }L_. <_-__) 

-C__LJ1 ^l j_>-Vl oJJt Jaa ___U__f __J_c. Jj____s_JJ tS&>. <jt J-^W jjJ^J 

(jl_C UjI iL-JJ^ .h1"1I 1 JLA <U3 ^J_j_J __1 ^jJlj i^l J__.JJJ__J1 jJJ___JL 

aJJk (jL L-J-L-La j--lJ — ui (jL_j <_> j___C ___ L^jJj-tSCj L-tJ — j-jiej — __u 
JjUjJI 3j-__» B-j-La j-4 3jjj_-__JLj 4__*j__ 3j — ____11 ^_J__J1 

_£j_L_JLl Jl-C (j-o ^J 4j1juu» jl J_u .-LaLu ^j_*_J1 l_3LJ_>)j L^ULl (jru 

jL___5l 4j ( j____u_U ^J LilljJ c-JI -»ju- ^-3 ^J-*-lJ1 JjL-j 4_*gJL j»jMJ1 

(j-<L_3 (j_C j-3-_- J i(jj -Jl L-jLjJjj ____ (___- JjL- -A_iie-)1 __-J1 5j — La_-Jl 

j-.JLu ^La 1925 j-UJI JjL-uj . U— -jJu Jjl\ f-Ju_JI e-JI l_jUL___-JL1 

J± (jOjjl_-jj (j^_L>.j_=-.j (j-JLc- ------- j-Lcj ^J-<-J1 ____ ^lj-<->- ^-j^-j 39 

tfr lj_*i_>. L_jL__j_>.j *_jjl i_jj — lm _>jj_>- _*l llLL-JI #.U1c (j_-_jj ^Jj . l_____l__J1 

^LC- jJI _-___. 4 4jlju U___-jJU ^*J ___J1 l_jLjJ____U (____ ^LSjj 4___s_j__j Vj 

(jKj . U_Jj J__-__ jj ^l gStiill j__^t IjJ-Ct (juj--T o-^^\j tf 

l-J__T '-M^- ' jLj}_ j-ulll 4_a__"j L^jf l_jUj_j_L1 d Jl_J u «jjUH j-j — ____J1 
^j__Lj . L_-_L_»u _j_Lu1 L_jj n-Ti U_Lu Lic I Jluu 4-Cj — __j l_1 j_)-_- ^_J — _J1 
_j-a jJiAim _>_C-CJ (__-J1 ^JL-JI _J} CjUUJLI (j-US _-- (jj — <_jLj__J JjL_ 
*i_____- __J1 U^jU jJjlo __ic 3 j^L—C (__u__J1 JjlW* _9JjJ_» _>C L___J___j 
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4f*J— 1» xl_Uf 

jL^V_U_j(L1___U_ Ja^^jJI >- t jj__U^) i __ i _J1 J^L»UoJLl 

«^i __J_ ij^j .jJll^, L^i j__j_ ^i ~j__ji ju^bj L__jU^ 

L^^^j.lO^^J-*-* J-^ __*_J| <j„ £j_j| i^jiu; ^ ...y . 
. ( *H_uL___.__, J j J _;| (jo. ^L!L^L5juj^^l3 JO ol^>.j^f 
Sj__L__ oj__,j ^lj^JI L^jj-j l_^LLu U 5 j_*__ juu <j? L_______1j 

;Hubble's Law JjU <jj_L_. ^L <j^| _-jjuj 1929 ^UJI <-.t r 
o^lj *__,____, j__«> 4j? ^ JjU 3_u__JL l_1___£VI a^ui Ji*__j 

Sj^J. *1j_«_*J| a_„j__jji (j^^ <jT (oj_^/Uja jT j>a) <u_c u ..jt 
-_>L___r_M <j_-j .«uJi ^UJLI £uu^ <jf U^ ^ ^ l_u_ U 

A?--" Ljj— <l_j_T U ^Aj^cdJj^ Ij^J^t^LAA?^ 

.Od^^l -LUJ1 *U__ 


2U bttt 2U_u_iJl 2U>tiiU J^^^j-C 

4jj-_ JJ^yU *U_jj__UjAj JjU<i^1 ^Mh «I ,^<V| j: 

. 1916 r l___J1 t L_j_. U* ,__jj____ <__11 ^ t y<& a_„UJi __. .-:t | 
«u^-L-l J.Ux) a_«UJL ^jjJe^I oj__ , L_U>_ <__J| sj^i a^-st u 
<j-_Jj ^jUUI __VU -_« Jx-L_B L^jI (4___L>J| a^, ,.,:' | __> J J_jJ 3ju_J| 

c_Jiu_ jj^jj . a_j_» a^j^uj ta^ j*ji___ <_j j___3 r u_»J _____ 

«^j^JtJ 1 — ^'t^W Ji^ *f *j_JL-_t^ 4* si I__iI| ^ -^j TEju-j 
V-— 4 l^I fj_ ->l- U-> Ulu oju_ 4j jjuaj 42» Ij» JL_j 

c^— " <> cSj-_ L ^^u^jJjj^j'a^c 7 ^t^ v,oU ^ 
gjUij a i ii - <u>_l>ji jj__o (jjj 0 jjj| ^jl_u> jjS^ uflj_«_ 

0L_L_^ cryjVI a V ojj-JI jT J-UL J3 ____J1 Jjj_ J_____? _JJ as>J| 
_i - _____JI J__|_ a_u_L>J1j ^jl___JI J___ U^. Lbj_w __jj . 1___UJ 
^iL>^jj-__, Ll__o_j| J-^e^LcT^lt-Jj^l^ juwUI Tjuj > ^ 

j_-_i j___ii t-Sji; Ujj_ u_Uj_r 4 Ljj J__f L_L j____j t j___tl a_j__,jT 

L_j Ij^ .Io^juJ-I ^ U_|j__J ^lSjj SL_->.j U^, jbUI _.L2j^ai (*) 

^jSJI j^jill |__ .^,».^ ii^.UJI __»_ L_u> (___ _J ^jSji 0 „ | ^yt 

• 2jj_u_II itUJI (j—jjLUI *j__ 
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duuj _JI J_-U_J.1 4JL__ <___ ___*__ j t 4_-_j — ut Jl_u j__j L)jj _-_-! L_L 

4jj___ij_ __J_U_J - -J ! jJ 4_*_uj ___«Jl_J1 £J-__4 — lol <_--_ <_j — __i Lul 

fcj l --"t l ^L_" l____j Cli-^JsUa 4\_.j_i_*-fl JsLejj 4_JjL*-4 ___ _jrt_ — "4}T 
t L__j|j *4__^L>J1 , „',t l 4jjJ__ J£ l_LJ __Tj - aJ__lj ^j-s- <___ 4_ujiL>Jlj 

I j__j .4_-UJ1 4_jJ___J 4___L>. ___"L-_-_T i_Pjhjj i-C- pK j-i J_T3 rtjrt^.t l <____ 
_— L— ■ ^»-- <^>tt 4_____u_jJI _jjjL_JI __iLs-j___> ^iijJI (__JLc i Lt_L3ta^3 (j-"^ 
_j_TlcVmT 4jj_tu <jj c-JLa j ( ___j____o_kJ1 -_al < » V Oj^A 

4___L>.) <jJj-jj L$J JL- ___JI 4__ujL>Jt Jljj Vj ._Pjjj _»ljU_J <'<Un — lm\ 

Lm_> *_jjS_!1 J__ 5-3jj___J Lc-^Lj Ij-iiu, L_*_>j (__ — __UJI j-jjj-JI uj>-— 

0? _J V J___«T 2b>_^i 

<jl jJ ^j-JuU L»J i JUJ_*J1 <_-i_ 5jM _ 'lA>_- ^_J--- -^Ls-LsO £-J-4->- J— J-»J 

*___£ J-C LD j__a_u <jl JU V O j~^__ _jrt .„" M . n T 4_Jj-__- (j-s J----_l 4jj____ 
.___ 4-Ll__u _$ jJI JuJ_>J1 _____ Sj>U t 4_cL*JI 4jjJ__11I _j__ai_ 

____ 1 ,nut \~\ 4\xUS1 -_jtx:U jjj_-_l CjI jJ — -_ j <___ _jrp — -uJLjT _-_-_3 

-_Uj __- 2j_u-C _$j__i-f ljj_l j_>_l 4_l <j-« fU_jJ1 ___ i__ *4__>L>J1 4__jjJ___1 

^l j^i\ oU(j_-j i-JSU __j_ j__ o^j * 1915 _-_JJ 1905 <__- _rj--__aJI 

>LjJ_fi> IJl^TW J j_J ^jj^^L^^^jIS^I J^£j_-i-J 1909 f L___l 

Jj_i ^Ijj _-- 3 j_j* j 2j-_-J J*_ L__p- (1911 j-U11 _____ («___- 1j_JI *Ljj_J 

^jjjjj (_-_! ETH L_wjJj_l_lJ _gj u.Jjcntl t-JljJ.-JI Jt^Ail cr- L--_~ 4aJjJ 

. 1914 f L_1 _j_Jjj ^ _U_ JUu j7u m,I j *( _j____ LJUd 4_ji» 0-. i^j-l) 
_)_? L__Jj 2UL_II 4jj,,.Ml 4_jJ__ _ _--J1 oL__>IjjJI ^L-La --JJ=-J 

1878) _}U--J > _; ^UjL^^J-jjJa- ^ju^-ic J912^L_J1^ijjjj 

Lis-jjj_S__J ^j.,, m.jjm.H j^iil ^ 4J >Lwj jL___jj__ olSj *(1936 - 

(__lJ| CjI j___L>JL1 M.nt .. . nt 431 j-t^La-s j_l_J jr u , ^n TjLclj 

^jjlII prji AijT Jj- .1912 ^LJI Jjb-jj . UJ| £L-___ _-L (3jj_-u 0-> 

4^jjjb fj'^ __- 4__>L>JI 4_u___J1 4jjJ_uJ _j^_ui)j__U jUj_b 4joJl_ _$_UI 
Lm_j_3 j_?I 4JUu_ _-Jl 4>U o^l j_Aj _L-uVl (^Lj _g j" .. i l l O^kP 1 
_jU ...jjA _)_? liAj (pLj-jiJl 4_j_j-qdC. j_iVl 4_iu__ J-a j___J ^jU^il 
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4gftJ-Ut tUtilt 


<J* ciLu^L^JI fJLc (1866 - 1826) jl^jLjj ^*j<uU jLM^jJI 

CjIjj! __jJj___uj1j 4 _L ( Alt l ^jta.-aJ1 5 r uj i A <j*J-i ^gjJI j-u-C. j_^uLJ| (jj-_J1 

non- 4j_ul_ij>_J1 4_^ju^Jl (^uJLI) 4-__j__$Jl j_- gjJLtl | j__> l-____>jJ 4_t___Lj 
(3 tJ £j____J;1 £ji____J1 £a JaLs ^-uisj <j! c^I • j^" 'Euclidean geometry 

. ^L___ \ « t «.<_>. _>Llj_?1 3jJl__Lo 
4 .. . J^It ^yi^LjJI _i_s__J| <j___,£j_J| !_]____> j! j____jJL j__jJl>J|j 

Jil__l -j__£_- j^LU! <jj__J! ^JLL^ <____ jj . Jj^L ^jjb 4j ^julajMJI 
i^ju^l ^ljiJl __!__ (1855 - 1777) ^ji. oijjju^ Jjl^ 

JLl~<j_aj_M £____j) L_j,^L____ (jj^jjljjll _--j----_J <jL___\L^<j__ Jl j 
4jtLL__lJU *1jW_/1 la_-. JlL__ 4jjljlll i^jjJI _LjJ__>.£___>jj Lg l( __UjJ 
4j_,j__?_M ,U ,„rtt 1 ^C^*^ J^(>^>^^.(0&^t JLic. 

ig jJI ^IUi^U — __ ^JJI ja 4jf <j_« (*£.jJI <4__L__j jl«j /* ! r* 
-U__l JL__U |j_A <____ 4j|jU_jj <j__j .«Sujulij V 4__*juL_») 4_U_wj_i 

(1860 - 1802) ^LJjj ^jjli ^j^JLl ^ J£- ^jul ^ L^l At<| 

oLjV1 <jK ^j *(1856 - 1793) ,,,A,,ViLjJ <^VjSL_ <___-jjJ1j 
l_jL_^Mjj ^Lj^, J>U j^Vl <j__ L^ia J_T j^y, m,I ^ <j>Uu 
l_1_i_j ^jja* <j£_ <_-_J1 *^jLOt! aiut <jf j_u ij__-_c ^ , „L_JI <jj_J1 
Jla f 4jjLJ_ij!vLtl 4 — __JlL$JI <___3 S._JL__- 4JU- ____>JL-. <c>u j__ _£Jl__J 

*_-^Ljj 2__kJL__4 jUcjI J-j-*X1 oLjj jL>o1 J1*JJ . Sj__" £______ -__j_L_i 

4_j___>LjjJ| l__iL-_j_ , 1 <j_« <_;__j £_*_-_3j 4___Jl1^J1 JSJ I — _L_I <jj__ 4__L_ 
4_*__U L^K" <jj<_ <___ Ij 1 4___* _,L_ u _u_ <jL__ <_-__ j£-.j_ ___J| -^h _U 

. ji_u_. ^jj! l_juL^ <>, ajsjjui 4_jjui__yi ^ ,„.w 6 ti ^j iV >ij___Ji 

(j>__-_j_l 4_«L>- <____ L_sl__Jf 4j 5j_uaL___« ____ ^ j_A 4_U__Lu_a jL^ u __j_c.j 

-UL. 4j3^,)/L c_jj_=__lLI jcJLJI _____ jlSLb _f| _*JL-> (j_ajj£_J < 1854 r L_JI 
-^jj^jJ! ( (1879 - 1845) jjj ^K^-Jj^LL^jj-JI L__L_-_u_aLjjJ1 
SLaj^ _^1j^L_J1 J^ J867^L___JI j____3jjl-o _^jJ1) jL^L_jL___r 

J«__J L__ul___| Jjj__i__* L^J_*_L__1j <(J <_JI (jl-j-a < M r.ij Sj^uJll (jLojj 

Cr^ UJ^ — cr^ (JJ-^' cJu_ajJ S-dJj-L Jx___sf (jL JU_u ^j Laj 
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1*11 fcjU 


jauiuJLill 3Lu^>JI ^Ut _*j !>_ 1870 f _J1 ^j •<j* i5 —U U 

1 jJoLu ^J-J «(j-JU ur* (j^U- 1 » -- — '-»Jj t> 

Cil j jSIjJI <> ^ __J1 <>* 'jJ-- 1 ' ^J>^ oi» J- M 

' y...a -U... ,\~... y\\ J£ J_ ^U.n ^yi- 5 JJA«n1 1 J^LUU Sj_L_ «JljJ^ 

^jJI (j_j •« W 1 - 3^— - V 4 „.,ii«n 4jJj_1 or^ljiJI o? 1 j_ ^J** 
— >1j£"jj - UU3 ^ — 3 jJbUtl 2uU_ j_-_ *(j}__bL J__lj 
^,,,. (jj_ 6 <> -» 1jU_ L*j t_j U1j_ ( «j_*_J1 Ju ,„U1 

^j__j _^JI 4_«jjJ_JL 1 1_ j___j jjju (jl j-j—U o- (j_Jj * ^ < * V»V « 

^U^jj 1( ^J>la _1 >at -j4>- J>Uiw <j_ ^-Jj t Uj>. 1*j> (( a*J1 l— 

j___u OjlAlT J>U J-_> jJ_L_J1 Iju^J *JJ~— f>-- jjj-J- _J Ij_ 
4j_ jJj^jJI 4___ f UJ1 (J— «Jl *IOj) jjj^ <^JJJ .o1j__- 

____! Ui*_ <j_J j . J_*£_ <-SJ I Jbt *jK_? jjLy <Jj * 1879 <<j*___j I 

__Uj t suUJi 4j>j_ji _>u uu_ -_ --j-i o 1 * ^j-^' 

ijJj^J V>i_ }U_. C__iJ t«-t VI ^UJ| <-^J 4_*_bU_* Ot CJ~ 

. | jji_ _ > _LJ1 L_jj__u U£ 

.sjUIj (jisUjJi (>i_j _}L_i 2uuji a_u___Ji 4j>j_ji l____» 
^ sjLJli _j*j ui .__-__-"i J^ ^j— !i j^-ui <__ a^iUJi 
(^jjji <____ jt) a^jUi r ____^_i Wj gja </_i ^jj_Jij <<jt__*jJi 

jJbtj .2U»jU Sjj-___ LJ j_Aj U <-_ u-_J-1 lt- — ULJ»jVI 
^lSUjJJ Jj_ S.LJtl » jjjUI Jj_ 1 j-_ — J - <j- j^J J>>* J-— 

(jAjJLJI (jf ^uUj JJ»_ cJu^ ^ 1 ^— Jj^ '-Cr^ 

jAj Vt - <jUjJ1j utSUIj SjUJ j-S^ cr— 4jVjU« ,j_iJ_ jIjT 
^l_!1j__jj*2L a UJI 4jjJ_J1 JU__— 1 jj^— - Uj_ 1j_j.0j~1 
3a>.|j 2u__ JU — >1 c^-' <-VjUII c>U-i A 1 j . 1917 r Uil ^ 
4Jl£Uy ^__ ^J ( 4J_V1 Ujjj-i» UM _Uj .4_ajl« j^j ^jo^ 
4JU (> oj^? ut 43* j u-J.1 ut oVjU11 _i_?tj .(^U-l 6j^ 
=UjP ^l c^i <>*J *-'jL_ll *W Jd_-I (*?—L <>u_yT 4^ L_ (#) 

.SL*^ jJL 15j* 1919 ^UI Js> aj_iJI i_ljjJ ^U__VI o>— 4 — v J-— 

344 


«ttjiiit _L___ir 


j&tt . L_rL___ ___£ Vj ^U&I jT *_>*yi jjj--* _jl*_ 

L^j^ ja ^LJI ^ 0 | __.L____j| jL_i__.V1 a_t ___J_jn_i___4 ^ 4__it 

CjTj .c^-Sill jT _J_^_JI _____ Jj_ 0L,>i_ ^f jLvj_ Vj <0j__J1 Js. 
fJ <j_-Jj *-___^ j-J____iJ *|j__»J| oLv>.jJ| _>* 5_jJL_« 4__ j*_*_« JjT 

^^J u ^^c^cty-^Tu^^j^i^ 1_U j_-T__. j _u 
J^-^-u <G_ jU* __Jj Ijjjl^ L rlU , ^ ___,L__T _UjJ .^L_ JL__T _>_=. 
<^Lj_J1 l_»j_kJ| >jJ| J!ujj .__L_JL) <ij_u__j ^jJI ^jSJI l -,.* JJ 
Cosmological ^jSJI c__il_J| _JL LJL_ <uJj jL__, ^jJlj ,(X) Iju*V 
j_iJ-u__ll 1 j__ Sjjj^» <l___ L_, £rt____LT <ic Jji ^ jj| j .Constant 

j-j .s.uu ^i__.vi <_^__. ^jjji a_ui<_,i a_^3 ^ a^jji __jj ^ 

Lk__J1 <>> _,f j-»Vl eljj . yj*-11 3j_uL__J( __L_. j___J| _i_b ________ 

j__*j ot> *j_o) orii^r -_v_l« ^wij .«^jsai c-ji_ji), __ij 3ji__yi 

oj-JI L$o____u J____^^|j J 

._*_J_i_J <0___*J j__^| _____J|j 4_u_J _jj^ J_Vl _,__. jT *£>-___? .jumj 

SjUU ljj__3j Ij_wjx» Lu__Lj U__>j < h ,V? ___T j__i_.l --j T_iJj 
. 1917 r LJI ^ __»jj_ai 0j <j| ^u_j ^jj| 3 6 l_UjJ|j 


__U_i» jjSJl 

t-__- <_x*_*JJ 4_jj__, __*LJI _UjJ___J| o^.U^ ____^___T _)) U _>__j 

<_^--J--^----^£_j-u_^ l^j^l___i 

uu___lT_-V_L_IM_- IjJJja^ j_^__. j_ r L-q , u ±r< \ 1917 __| 

^j— ^jj 4___L__4 UU__>T _jucij Lj^ < 
3j__J1 ^ _iU__T a_tjjT _Lj U_U .<>__« _^j juu _^ ,___.*. ^ 3__L____ju 
4_-UjJI 3j__J1 <__* ___U__.T 4^_U_ _Jj ju>jj ,L_J 4___L_m .3_JL_J1 3_jicjji 

c________1j J_i_Uj V--' Sj-I-JI ^ L__-x__j_____.2cL___^__J| r !i 

O* ^L^ a^j^ L___.jj ^ (1925 - 1888) jU_,_Lj__ jjL_____jf 

ji-^l U__«j -iu-ajj Sj_U_JI I L-_w_j ^-J^jU-JJ JjJUJI 

<^-^_T _e___ jl_T u-) 1922 f UJ1 ^ gstaii j^j . a^t^. i_lj_:T 
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JUJI Jll iSj • (CWO» ^J ^ 1 " C ^ 6 ' ^ ^ DlS 
^jjij .(1966 - 1844) E»* </^ ^ J1 ^ 

jij ^iii .jWj cw ^ 1 -^" ^ J • 1927 f ul 

1925 ,ui ^ uP»! ^j-s- <> °> VjJI 

j A , 1 j*.j> o-J^ ^ 

.(l^u <J l^i J*u J-J ^ ^ 

1,1 JLJ 4i! lS>' j' <^J t* J^ 

jS .Ulj ,lj-JI oU>.jJI OJ-L^J <J* U J-" 

Lu .UL— U f Lffi ,lj**!l «U>.jll £»t t^J 3 ^ "^ 
^ l^Lj lJ^j L^i >1j5 a^l Ot Uilj e»-t 

" " ' * JJU«1I ci-jJ 5Luj£JI ^iUUI lV L«t LW jW^I l> 
v; .... iju^ V ^UjSJI .1 >*»JI «U>jJI 6' 1** 1 ' ^ 

i^l jjto l^j «> ^ lVj «■^ 1 j^ o| j^ ^ 
I j.-a-. jubjj^w uu; .u-jJi jjj^ ^'j^ 1 <aw "L^ 1 ^ 

^ dlJi j.jl-3 >*J CS^T «jSJj .l5^T W^~J l^' 

ij« 6- ^il 'J-^ 1 JJ ^ °' ^ i! • 1917 rLAj ' 

JljU JJUij »_Jsj— «< 431 j «J^l 61* L)M 'UJl LJ^ ^J-^' 

,U3 4Sj^ «^jJtl «j-^JI yJ| l>J u >»J < J> ! *-#!•>• 

L>jJI «L-iiU ^j 61 .^J^WJI L^J^ 1 <^^l Jj-"' 

6j sji 6 t ll^» ^ (j,u oji^) l^j^j, ysii ^L_ai - .ij— ii 

L^^^a^ll^lS^ljaal 6' cr^ L>^ 'J^' <>»^<><j^ 
»L-i J^-ji & ?i 4iV «jSJj tjLUI >U^1I l^ J-J J^ 1 -» ^J 5 

li* ^iu, .allL» E jU V M - «U»jU. jt clj^tl <* 'Ij— 

jj^j i^. jsl. *lju3 r j<ai i jl» lAj -oj^- 1 ! f^ ^ ''jJ-^ 1 
S j"jjuu~ u ^jW-^Ij -^^ 51 ^ 1 ^ 1 
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^J-ll *U_1 

Cosmic 4_uj_! 4j_jjJ1 _L*4 j?) Primeval atom *Ujj_JI 4_JjVl 
4JL_ 0 j__l c^Jl SjUI * jlJI ^ _j__.1 <__JI (egg 

4_j__ Ju ,V» ^ _j_*_1 ,:__ 5jj slj_b 4____M .Sj^Ij 
_Lj_uj_ Lt_lj L^_t__La_>. LaLluI 3j__JI _jlMj . 3jL_>- 4^L___-i_j| 

JJ-— -I ^ jj— i-ij er— Ijjl — tiJLUJI *L1__ 4-^JLcl (j? Juj i( jjiJ( 
4j* — ___ La jlj t jj-JJ S jrtjn^ . 4j|ju _j_*jj Jj__I1 jLSLaVI U ___J jL 

Lj>. _L___ jtju-at Big bang model ( *^,.._._..J1 jL*_VI £ij-_ 
Ct3 (i— — I jj-—* 1*0—». — 1 j—j JiLu <j^j) jtfl—_Jl _tL_J1 jjc 

j^.1^11 <j__4_*__U __jjJ1 ->J$--J <Jj__-1 _J_, ^Ijwj t <jj__I1 _l j M^.jl 

<j ki *" b £jj^ <>— er- «tj^Lajj (1968 - 1904) 

♦ 4 < a is> LlI I (jJ__i_i Ij <__ j\J_£jj__ jJj>- j 

Jjj 4jI jlJI ^ (jruSl^l t> ujjri— ' U_i>1 j e^JI ZKM\ *\fr, m.Lj 
oLluujVlj CjLjjjMjJI ___i <_JL__ ____ t 4jlju <U jjSJI jt 3 j_C_ Jj__3 

Uj j-L- <___J1 jL__jVl CiLUtJ jJlLJLI jj.m^II Ijujj jl__ _£j__t 2\< 
f"=-j-M ljM- <ojj^<-— — s-LjLc L^j (^jui! L jLc. j___j) jj__,Lj__j J_>L_. 

^J L_>j__jj ___J1 4j^jJjJStjJ| 3j_J,L <h,,_v1 _jj__Jjj C__jj» (jjjJ3 <jl <j_a 

__lll ___jVl — >K , ? ; „ _ ^^jjj <______ Uj .(—ajj 4jLU . t » j<..h 

. 3j_ii_J,1 j*J^*JJI <j-« l> J->-f £l J — itj <jjjJ__jJ_ 4j£j£ o^j JaL>J! j < 1 _> j_o 

CjLOu^jJI 4—jIjlj^ JjU ___T_£j__J1 __iL_l __Jll ^..Ls^^K .t stj 

4_T !_L_> _yJu_~> ,5j — __£. J-oLu» Ljj^Sj JjLlj Usl>. t jVl uijju L^t4_i^ 

1j| ,j£Jj ,(jVI oljJ Lm> c^L_>! oj — _i ^j — «,L jjuCy^jjSJ! (j! jj_j 

i>jUk) 4w«_l 4jjj_J| 4jjj_J| ^jjs 3,.U"miI,I 4jjj_I CjVjLl1,1 LaJLs_-u| 

4jjj*__I £ jJI ^jjSJI £jj_ ^ j^ljjj L*JL__f J__ijf J$> JjL>JI 

U^! l^jjjUIj _L1ij>_| ^IUo ^ _c >L_ U^>- jjj — <-ujjj qaTl_jT 

jL*_VI jJla £j-_ 3j_Lua t ^M>-*t L_Ij9 *(j!u_ — u__1jT ^jj_ ^_tL 
IjJ_j.4£L_U - ^1j_>J1 4^j>jJ1 2LaMt ^Jc __Lt_tj pjb^H 

t ___t 3j — <i_ 4£j — loJ JJl-Oj jj_! a t JjLb _l aji—s jl 

<_uj ^JjjU (>* 5jj_. — _Ji Ju_ oLLuujV| Jj^Ji Jj>3 __| (JLt 4__ ^1__, ( # ) 
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^L ojU! oLjLJI ^jla «_Ui a^Ldl oLL_ , . , i ^t 1 
| ju*j - 4J__- jLL 1.2 J2 .IV_* 3j>j_*JI -__• 

<jt L_ . ^jSU £-*___ JSL-S* -_~11 juuJI -J* >- ji^SM 

SjjJtSjSL- _i.t :*>i_-1 ^i- Ue-_x. UJ^- ^l^UjiUaiW 

.j__JI 4____ ,jT J\ ^ ^ tj ^ 

j^iii jl^^Lu/sn £_*j£i><_ 

fU__tc_A_^lM^ 

<*\ - 1919) ^ a-i* o^i ( 2001 " 1915 ) ^ 

J^ju 1jL-_j3j .oLiuu, - 1 J>L_ ( **\ - 1920) JJj- o-LjSj 
^ Ij^ . jl j__-_/iM ^j jrij^ cJsjjUIj f^&Ml\ jL--^ u-^ 
L_ 4 I jl» 'C^ b _-"'> i ^ - T ^^*- 1 

jUi. 4JL. o^jjJ^I ^b- 5 jj-° ' Sj ^ ^ 1 " ' 
Jj_JLL <ol j^Jll __.Uj ^b-^ ju_ 4_JU_JI olj~_ll J--U 
Lj^L* MjJl» 1 jl_ Ijl>j .olja_J1 !>L- 3jl>o>. olj-?-* 4_j_ <j>-" ef 
^L^JJI j_L_J1 <*J__I1 jU__V1 ^jxi (>• ^ 5 W__! 
2b1j_. V y i4 /U. j^b _ jj__i __LL_U 4^ - ^Lju___J1j 

<j_ V Ju <Sj_. J- 3 J_-_-1 j 3j _ * - j_-* Oj - J__-_j J__u 3_U1 <j * <--- 

j_. j__1j ojl^ J_A__ ojj<_j ol__ <> olj jJt 0* JJ--» 
ol j_*__t _U _ J± Lu i_L_-j _ I oLLui o-__-_ o^J -^*--- 1 jU-u-'' 
j>U- Radio Astronomy ^L_-__V1 _dl_JI fJ*J 3jjj_>J1 oL_ul__JI 
I SjlulJI ol j_*JL1 o\ - o_*___jt ^o^- 11 -J--' ^l l______J1 

j__« 43_j_ ciP ~1 » ^ iO ^J-^W Ublji c^Jlj ojSJI j^ 

jjt 1 jub oij t 2Luj^i1 —1 j_*X1 ^ ^ o Ij^» 'Ji^ U— -3 
4JL__* > (jSL-Tj . rJ ^3 -1j^J,l 6b <LVJ-1 JJJ^ <^ (:, • 5 -- J, 

^LJI ljj-^JL-I 4__U-) J__st oLj_-__u j_lj3 ^ L^jjjJ j__J1 

.[sj^l] 2005 10 fi:} ^ <s^x J** {*) 

.[sj^dl] 2004 jjIjj 22 ^ -ji^ jJj- i^J 3 (**) 
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qpftjliif _____i 

1947 r L__ll ____ J__tf1 ^jjl .jLjJL __JL_ 4\__»jj 200 j__I___J1 1_> 
cru J__iJ! ^__>. <_JJj_; _£__fj ^*^ VI ___-.L__J J_u_ - ^ 
j_«Vl i>i_____,|j .Sj_ti_JU fj_*__JI _$j_-Vl ^Ij-JV|j _v-jL_j_> 4___j_; 

4_____> J1j-V <___J1 3J____U _____ ____ (jrt^JI ^JLC 3j__ _i_f_-_J >Lj___ L__j 

_j_--J1 ^ _>-. J-_-~» _>____3*_)l JujLsci .<jj_J1 jjuu 2_j __. <j--L-u ____L>J1j 

4_>U_ <-_ V] 4 njn^H ^ | ju_ J_L*__j ,-Jj - 3__LU ^ 10 _Ji I j/- 

4_L$_ -_« <j_Jj .^JjU *L____J1 M jSL_cu1j 3j^Lo*j _>jj ,^.«,1 <jj__J1 

0-« 4_j______ 2-__>. jju <jj_J1 ___>_; ^ ^^JiJI 

(j^y *e--~ t_»T <>» U*j-" f J-M 1j_4j.4J___.jLU 16j IjLL 13^ L» 

j_u . ( *** ) flJ _ 5 _Jl ^jjjlj _>_,jV1 -__*_£ _U. ^ Lu ^J___ <jf 
C___aJ1 *J>L»jj ___j_,I_C J_1_J LjJLlc JU*J Jjrtm.t, -Jjj_U 4j_ I j__ _J 
.4_l_ ^ojJajLll jL*___V1 £j_-__j_, jj__JL| ___*JLlJ1 


(4_-__ltjL^Vl__UJ_a 

jljj t __L_jj___W| <__. _,Ljuji_ 2j — _>_ j__T LUc _ij_,L_ 

'O^W^C^JJJ >Lu O^j _>____»JL__l_: Jxut*j_>___jj_. 3____L_ I ,_ul 
_j--_*-J .^lj-JI *L>j_3 jJj__-J 4_»^o __LL^__1 <_£!_. Vl _>j___ ___ ^J_3j 

oUi____>j a_uls_,| La <_uljSJ1 ____lJI <-___ <jT ^jbj 4j1 j__jJL 
cr--- 1 ' J>L__VI *L_i <__ 4_^L____VI 4jj_J| oLjUI <%_, cj_}_>_ L_t 
. Tunneling <j>__J1 j__l>. ,<______L <__. j___ a_JU_. j}U_ Alpha decay 

•J-J» J*_Jj_ _J3* (#) 

__>lj--l _~ 4_j— _j jj__JI <_a loj Lu> _Vl _,j£J! c.Ljl_U ju_b (**) 
__LI — __-JI Ijj_?^_|j _* | j_sj .Cosmological Constant (—JjSojIj j_> < . ; ... 
c_vji, 1( »a__l ^ 5__.T J_wJI l_^» i__UJ| ___l — __aLU1 <j_-j i( _jS_l ___ 4__UJt 

.(__) Lob^^L-. _>_ 
_,__ pLl. Ijj-*j* <jj_JI V 1 —-* f«J il -4j--1 LIja- l_L____| LW | ju. JU; 
i l__v ^jjSLII ,___JI (j-L-LLL <__U-JI ,L>i_II _rt_ljS J-LOjj ^LJI a :; -t | t^ti 

Crulj- ___. *Lo 1— _L_T LjjI___. (J^jjuLo-^ _flj___ U_ t( __fcitl jL_t (jf _flj__ »_j 

(j_ lj-j_? ^jjjt (jjSJI j_*_ juj.Ijlv jj__3__,L__u ___UJ| ^Lj_i_II I( __|j_J| IC /.iCj- 
_tj .(^^l jLj-U^I jju J_ljVt ^j-^JI _jS_J ^jMJI __ijJL Lw r j_-_J| f a_it jL__t 

<K (J-JI _t _J_ Joj ^ j_^> ja j___Vl _v_L_ll j (____Vl __L_J.I *Lj4_ jru Jil j_JI 

. d-j-l^O _ j n . 1 1 1 __Lc (_|L_) 
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t 2LL,K c_-J <j-!j .o-^U Lj^j 2Lii_ ttll» ->L^1 Wa-b 
LAlt U L J*i3 ^l j_N 4jo_- <j_Jj • 4^_-M£Jt ^i^l ^j 

o^jlji f j_ o-* W ^ 1 - «c^j^» <jt "4 ^ 

^pJI 4_UJl 4_^ J*K c> ~ T <* bU t c r ^ l J ij, 

<j- jr j>J J-=* ^J 1 * ^ 

^uji ^jj oj^ *jt J-£ a^j~-t aau-i ^ ^ r 

jjLu s^uji j5U*?i t-J- ^J-* 1 - f- ^j-~-*t 

.4jjj-I *L>*-t f W-"»?' 

^tj-il *L>^j ^jill *L>rfill <> ^CUAl^ -*j_-L- 
tf j^j3jL_^VI Ij^^4^jIo^j*c^--I' J^^-^ 1 ^--^ct-^ 
o^^jj^J^cU^J^C - 1921)j_-Jt-_J1j 
...^ 2-L_?L ,^j_*U ot^W j-^J *(1997 - 1922) 
L-^t Ju^ _,1,m,,m^1j ^Uu^I J}U o__-1j £jj* ^ 
,j j^j*. 4_«.«l*j a- j^.u-.i l *L>-i_1 J*_* b L 


o_ U-*j J*_J 1-j-S-» Ijl, rl.^ 1944 f UJ1 -Uj-It L__j! J*- 
Ij^it jm .^Ul 2U.jjj o-J^J^ *^J-> u-* Jj--- 1 u-J^ 

2l^u <> j*_i ^j < 1948 r ^ ^ ^ 4 -* ^ 1 ) *b>_jJi 

43^"okw- j^-j .4^-_Vl _»*__!! r Ltj £jj>- 

4_«U ^ J— J ^l^l 

,4jIjlJI _tjL_ij * 1943 f UJ1 ^ jXjj- jij* <«-- 
4i*-^jt j_lt Ji* 4^-11 j^.^-aj^JI j^1<>j-JMj__iU_U 
,j_Jt -^j .2Llj^ .^W! 4^j JMi. «jj-tl «-W ^ o---^ 
L^» 0-xy ^l 4iij_JI „1 jj^jJI 4^-jJ. cJ- Jj~-_J it-^t-i -^lj-^i 
| j ^j^I^jj_> ( >4_^__uj-«L^o^ |j-_j_;t>->L_voj-2ot 
^jJI oj-It J^ u- t-^J Jl-^»^ , 5 -^J- 

.[ Sj> ai] 2007 u ^M,rT 12 ^ >_lt -Jlj ^ (*) 
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<4*jUt .U__lf 


4u.-u.a _ JI L_a jt~'i < a j^t> 4__j_C jjL_s=_o V ^i-Tt^w 1 <,i)_vSLfl *Ju__j_i 
Oj— ' 4_±_1j 1___j * L4JL-1 O"- 1 (jj£_j (_?-— -1 ju_oL_*J1 (jj .^j__J1 

j*L_>J1 3jUI <jt l-_>j_oL__ (j-a-i-j tLa jJLuaja (j— a _*L>- L^jT Ju V • ^ *jtl 
__J (___! IjUb _JL_-j . —Ljjjjjj j L_T__jV 4_L__<__a 4jLt_ ____, 1^_.L__ 
Jjl -.U-ll-o £_aj i4jj)jj JjL__aJ j-j_5_-_u Jj! t__Jj_e JL^_z. J_La 4_i_. ^cu JL9 (jl_s 

^_t_Lj_T ^j-C. _LajJJii1 j_fl j-u_> j J _5 ( ri i(^> <U? l_}j_J . 4jjjj <__jj4 cL_a 

_> jlawa _Laji__-i _Ju _J_j £. a j_fl1 jj (j-CJj < £_a _LI jjJI J __L_j 

^l jj^l 4 rthVa (j_-i ..1 j_aU _ Jlssj U_C 4 rt*< <.r> U juc _La ji-_aJJ c^ l , „" VI 
(j^*i <i- c_U_x_v i_3__il oJJt (j_4 _Ljjjjj_J1 _1_cL» JuV j_*j t 

J— -1 j-_Llc _L1 j_lI1 j_jlx___lI <j-~^S?l jl3 j_JjJ1 _l jjjjj_j_LJ1 _L1jjJI 

L__uj (jf LLp-l C_J Jlsej , LaLc. 4.j_.1i| 3jjj__> (____- 4__U__J1 (j-__»L_t <j-a <j-_i_jj 
(j_c j j T i_--l jJI L^_jj__j 4_a*i*M_a (____-_ J-ojuj 4_-jLj j_x£ _Lljj 4__j^___J1 d Jujj 
(j^j-Lail (j-a <jt (j-a ^jJI ^.JLcj .(_Ljj__tj) l_Lo ^Luij _Luj1 (jJjJo 

J-*-u L^ — <____j _Ljjjjj_LJ1 (jLa <<jj_J ^L>J1 5__ULI <___> _l jjjjjjJJI <j! 

j---auL-JI Lua ^lml (_y-J1j *— -1 — jjjjjuj CjL jj__JI JlJjjJ 4__jj___J1 aJ £j 

1 ijk .j (j^-jjJ-t^JI Sljj <_Jj ujjJjuj 4__L_jj .(jj___^jjJu4J1 jj-j JjjM 

j-i-T (jjjjj-i 4_L_Jj t (J_L_u (j^jjjuA) Deuterium ^j_jjjjjjJI 51 jj 

(j_S_aj _"jJ1j *4- ^j_J__s ^iinj j_vT (jjjjjjj _L_Jj *3~ ^j — ^m^j 
* 1-A-C_Aj ((jj-jjjjjj _Sj-t->J 3- ^Jj-La (_____b1jj ^_aj Jjji-i (j-c Ll_-u| 4 — La_C 

4- ^J-J-A _-J| Jj 5t-U 3- ^JJjV1j LjJJ-_J ^J-_JJUJJ jJI J_C (j? <_)J StJJ 

4_J_a-C ^jjc 4_>-L_Jl1 oLajL-il J_> ___)j_aL__j j_Jf — _*JJ . L £jJ-.Li jf 4_jj_1__j 

t 4_JL__a j__L_c (__!j 4j_____JL neutron- capture (jjjuj_t_1 - j _l 

4__ljjJ__JI djuu _»juj — <__ 4Jj_j — <__j >r rK — j_j ^.U! _Llj_JI (jt L______*1j 

^oJ (--1 -jLIjJJI 1 g.;_u <Lljj .% ji^l-jLljjoj^CU-Jj-^ 
J_C__u 1 Jl^jj .3j_>LJI j__Li«JI J_aJ 4_jj_taJI _>Jl^j j-<->uj 4_,j__u J___j 

(jiiL-iJL ^.j-lL^JI (j-a 4__J_ 4_i_<_C ^Luj __JJ ^Jij3 4_J_«_*J1 o j _> (jl (j-Li- 

(j «<^ mJ I CjLjSLa Jl_j — jI j! < r n il_L-j ^^——J 1 (j;j__S?1 j_t__>L__J1 __JI 

. _J1 j_3j Sjj-ljuil |»j_*__J|j 
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^^Jl <tit oTGj t COBE <jjSJt 3Uul? . n ,^,„. ^1 

(*£* lijukU o? J*-*! ^ ^J^' r*"* 13 ^ 4 ^ 1 A*-^ 

jL^t djjj^ ^j^ JJj^jS! jjk Ijlaj .ud 2.725 ^jjtj^ ^jj j-Ljj 
Sjtj* 2iu j^ ^iU ^jJLl oj&\ Cft ^4» jT - >^ 

f I i_i£cj ' ^ ^ ^int jl jt « 13 JJei jJu» * JL>. ^. «^ t ^yJ} djjj tli 

SLlIjSLj (jLiu jJj 4 — uJjj ^J^- (jJj-^1 (jj-* 3 ' C/* °l — lJj jJI 

ajjj^ Ujj^ Uj^jjJJt jL^iMJ ilu^l 4jU— oJt cdli jj^Ji 

^jJbJJI <>bJt (^S 4SjJUI jLSd&t oj^J LiJb <j^j-Oj <jJ Lut J-JJ *j-*Vt 

«Uu^tjij ^LjJ-LoJt (jj-jM 5 UiljJ ^ ^Jjl^ I " . ^a U* ^JJBJ^J L^iJ 

U* <jj&1 <jt * jSL-uJI JjJjJI jjju* <> «L^jJj^jjSJI» 

^jJ LupS <-JJ jJ ^Jjb JJJL^ C-luV t jjj - ^Jac jUuijl jjj j*i- 4iij-u 

<jjSJ1 jU^t ' ^tiUio^t j-OJI ^LUu ^LkJI u^yi £>T 

jbfc^^t ^jj^j^- nMj. cdJj^. j-iju Uj-p-^^-A 1992 ^jjj^^^—a 
^jCa <jt juu ^jhttt jL*i-VI 4jjJaj ^l J**j <jt J^ 1 ^ 

. L^jIjjlo jLufljVl LLuujt oIjjJj 

<jt juu S^lSttt jUuij^l (j^ (JjjjI jJt ^^-uJI ^ jJL ja U <j£Jj 
2Uj <jt jjiJt tjc U_ui^l ( >£tj j-<-1 U^jUb t)M>H»J J- 2 ^ 
(eSjjJJI 4^ jjJt) j-uaLuJI ^LcLLuo (jii U d kU^ * ^ aj—ujLui! 4K^> 
,3j^ JS? <> jl^Ij l-jUjJJI <^J| oUjjjjjJjJ 3jjSLU1 ^U^I (JjjJo (j—A 

5 tjja Jj£ (j-a ^LoJ j-4 3j-S.Tu <ia CjLjIjJJ Jj**J ^ (jt U4J (j^p L« U^J — 

jj*j ^ 5j1jlJI cJIwj .^jJOit Lp^ 1 l>"LuUI Lj^ ^I-^J 8 jt oIj^j 

i^uaJLi. 2L6LU ^ ^jJLua* Ljjt o$\ JlSjju) oUjjJjjjJIj CjUjjjjJI ^ 

^ja Lal—uijl p : tx.t l jU^j>Ll ^jjJJI jUtijjU ^LluJait 2L>L*_uJt Ji-lj 

(j^JjjLu^JI jJLu» J<j (j_a ^t-Luaj t jjj 4 (E = niC2 (jO— uujT ^JjLw 

(jjjja LajljI j w cjL! ui^tU ^jjl^ oL^Lu-o ujluuj jl^t tj 

ajUt^^Sj^jj^lu^^ 1 (> 75 j^ (> ot ^j-^»^ 
! jj (jSJj .^l^ttt jL*ijVt ^ j5tJJI Ijub (JLc 4jx.LLu» <j£*j ^jjUJI (j-a 
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<__*JJ*J 3.L--J J-^ J_lj__1 ^J-C. J____*j L_iL£<4-fJ_^^i jjjjjjj lirtiM 

*__--J J^L___II >~ Juji <____j 4jjJ j-_1 jjj <jl Jj^ JjljJl 6JLH5t^' 

4___L_--> (j_L<u 7- j»jAJ >« Ijl». M_l_<__ IjjJ- jLa '*n*'< *jS- ...*?)y t 

'4- ^joLgjM Sljjj 3- ^jjJ^jJI J L$j£i <3_-___J 2j_L> CjMcLjj , ..I 

pmnn U (jLcj__« c^-JI 8 ^jjJLjuJI 3ljj ^Luj <___* 4_JL_Jl 3jU^tl J!U_jj 
^tj) ^jjIaj (jy^jjjjJb -_L-o l__J__ (j_C«! Ijjj . 4- f j jU <___! jj ^ — J| 

(>cai (ji_ai - « u jLCs» i_a<j . u (jis_« j<,v,- ^t ju v jtj_-.Vi 

(___*J;aj j_*j (_____ j_^L_j IJl_) <><Jj .fj-*-Ll1 (jlsLj jA - J— jJl^ Ju-_jJI 
CjL-jj — <__*JI >^lj! *U1*JI <-_lljjj >o 4j| Jj t (_dJj <__jj»>, 4_u__j< 
j_i-_Li-JI ^jj-a >a 4_<ljLi^3 CajJ j*j_*_Ll1j 0 „ o *J1 <j| olj m>L_J| 
.(j_>jVl <---J< L$La £j-u__JJ 1 j 
t-u-Tj-C 3_tU £jj (j_x_U (j-« ______ t (jjS-U (j-i-g __JI (j! Sj_S__ (j? __Sj__jj 

^L-j Jiujj .J-jjI- ^jjLj L$J 5j_C_i (_-___» t 3j1j___ jl___.I L$_Sjj ^ jM\ 

4j-v-«j Uj 4jjU — <-JI j-1j->-Vl < ni^ jJ £JjL_J1 L$JL» LuJu- dJjL_-_» Jj? 

(__!) 3j____JI *_L-> Jjjuj . LLjt UjL_-_L (j_4jJj 4 Jta 1r .-.I ~H 

(jjJ-JI <___ (jiU. ^JL-JI *__j_t ____! Q-ljJ-.l ,,i<j1 (___ijj__yi IJ-J ,„lj<Vll 
Uj__c, (j .m mJ I <jJj-Cj (j__ <>jL_-_? (j-Jjji- l ,„<*i l £__£ — l-I (j_juaUJ1 
(j-« j-*_*-f <__<j\j_J1 j-*->J1 <jL- .(j->»bj^j_»jt -JjJ- <^j-j j-*_- <-_______ 

^j (j_aj i«tU____J| CjT jjbj (j-3jVl ^Jj 4 — Ijjl_»j _L-C SjIj-sJI 3j _L 

( JJJ-* (j-« L-_L__l 4jf (jjljj .(j » i < i f nt l (j_« c_jT 4jt (j-i I jji- 1 <m<'iI - < 

^ Ajt^-JJ Ij-____jj . _ujlv j___« a_Jj^(j__4____J1 (jt^ly; ,„| ^(j-aj 

t lrirt-H* 4j_L_-JI 4_4__u1 fr(jJ — ii _j_v j >_. jt . (j-sj Vl j_*-_ (j_- L_u -i l_3j_*j 

jjo_- (j_4 5>- (J-mj — __JI (jt 3 j5L_ <__»ju jl2_3 iuMi — __J| ^jj_> _u j 3j1 jjv 

r >K ojj-J.- _u_i.L ^Jj) r LVl l_Uj (______ Uj>U l__b >_ (j^L-_-- j-*_*.t 

4j_L__J1 Jijj-sjjJ ^ jjjiij (j_,L_JI t_u UjlLcj .(4j_1_*j (j_i1jj__l __<_j1 

<-_ljjf i(jjj _-*J1 (jjJ-Jl -JJ-_» *(j__4 __J1 3j1j->. JJL---4 I AjU__L 

4j_i__ ^jj-IjJI (>o 4JU1- 4.U&J <^L-___)? 1 J>UjVl (jt fr Ui*J1j (jj/iaJI 
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CjjlskjujJ '( ^ ** ? j_j i Sj-LoJ jJj) 4_j_&j*J_a 4j__>1 < « (j i< i <i mJ I J tn J 

ju_>l__. <>» --Jtb ^itl 2J_; <>q j-_&1 pj^t <jt 3jJS_ £-l_J1 *ju. 
5 .A,<t l <_-■--> ^3 ^ljj-i—^j — __l ,_ UJU ^iuu fj-_ _iJjJ 4_^j.4JL_i 

5j| j____ ^yk. t~ 4j.U-» lSLSL^' jL__$__'_*1 L^i jJjJ (J^ (j < ** < * J C*— ' 
Lfct_a ^jJJj (^jJI oLLojJI tlcrrjj pjt>1^4>. 1j1$j — -Jj .j-j_*_*Jlj (j-* * , <i Mit l 
(j^_i__>j_I_L<j * J_it j-i-LjJ oLIjj £__>a ((j_->.jjJu$Jt CjLljj) __iLj-jj-J1 
.^jjbJJI Jiw1_l 4_Lol< CjLjjjj-JI Lmjj 4_ul — 3j_i_£ 4_j_i_JI j_i-_.L_Jl <jl 
(J\ UrJ^JjJu^l Jj_»j <j__ J-iUj Jjl -. 4JUj t (jjlijj1 <_-_- 

_>* 4-U1 ^ 5 <j! <__Ji SjL_?L d__. Uj__ *lj-i . 1920 <-__! <_-_> ^jjIa 

.(jro.jjJUA 3jjjl_> <__£» Ijuj Ujj <<t>*j £■ 
^ 4L_£JI oLIjJJI cjLjjjjoJI _# ____ ^l 4jU*J1 <ji 

( f jjJUJ1 Sljj) UJl «^i-^ CJLL J_~~iV1 

l ^ .*:.-< l ^pJI JiUI j__>- juit j3 «j___ij 2LU»Jt <<_->jj <4_JL_uJ1 3tj__JI 

<__]_> Tunnel effect <5_uJ1 3j-_>U_> >__. 4jLU> _3j-4_. j — _jj .__j-->l_ 
jJL^ >~ *i<\n\\ *Lj*-J1 <*J-c J_____j J_*,1 J <*Lu C_U j JUUJ . 1928 <-LJ1 

^Ujjja jijjJ- (_-__jUVl 4U»jj (1982 - 1889) <jj___j? _*jjjj 
. ti_*j 4_* jj <___.jj.L__ j_xi Ja£. (j! 4_ <jj__- (jjJt t (1966 - 1903) 
-_Ujl.I JU f j_*aJ1 Ji.U __.J->G (jl (j_Uj <_-uJ1 4jjjJJI c_jM__UUI ^j-j 
4_Jl_JI uuUKJL c__*_JI 4_ijj L__oi_.1 j . 4jL2_JI __iL1 jJJI ^ oL_jjjjj-J1 
\U:tl l^-.C^j 4J_*JlJ1 4_t^j^ oUn^wll ^ic t j_tk! »__ij>»U (j-Ajj» 
j_^ U-aLL (jl__j (jjjl^U jUk^l < 'l <«o" (jjj e-*^ SjjJI Sljj ^^— 
4_wj ^-U (jj-jLb^i (jt j-4 UL jjjl>.j .^-Uiil 3jXAJ1 ^ _>j_<-j .«4_-_i_i-^ 

(jja ^ j_.__^ r..W (jlaL Sjl j->- 4_wjJ *_jU-»J ^l-j-t-Jl (jplj^ V*i i n l (j-oU 
oJu* (jlj . »t «rtnti (__^ 4liLU (j-* 4-_LU3 U Jjuwj ^U__AJ1 JjJ^j U-L-^ 
5 - ^i. JAJI Sj-aLo (jjJ (j_w_ (jj-o - _1 ujd-^ 1 15 j_*j - 3j1j_*Jl 
4jjL_J,l 4ujj-3_CJ1 j-aL-JI Sj*a ^-U <-rUT) cjLI jJJI J~>-i ^ «i^p^ 4 ' J — ^ 
4jIju ? L>-l-J1 P L__xJ_ JjL-=- oLuj, — _-*JI (>j . Lw» c^-^USj 
chLjjjj-JI ^U-u^ 2uj>UI J_i__l j 3j1j_J1 — iI^-jj ^jj — ^ V— * 
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ai< ^pj^^i jj-u^ajjuai Ojjk OJb ij^Jj t^jjl jtl ^jjS-ij \jm 

<^ Yjj*_UJ 4jls-|jJ1 4,a_aJ1>> 4j_i_"j__ij u j_*j_J U T . *«j»*'j 3 j-^-" — 

Ijl- <uL^^ (jjUujJ c_»U!j *2i_Lij|jSJI 3jj_1 Sblju 1926 j-l__JI 

5 jb-*-f ^J^i -- — "*jJ fj_t_1 U L UJ—*^ (jjjJI -L_U1 _b_j *_ (j__» 
J — --U» i jfl "~ ' < lj 1j*--1 Jj-^J i2LU*JI *:_> J-_Jt 4u£._J1 
<-_Li_J oj-— l- 1 ! _ — — "*jL— '1 - 3-U u-"l Ul j -_-JJ . . «Sjtj__ 

***_____; Ji-Jt j_i__j t( _j1 jSJI S jjj ^jSJj .(Oja-^Jt __JJ ljU jJL 7>\ 

J_>_> V jjjtjj . 4jIjj 4l__ ^ l_j1 j__ ____ (jj__oJ (_J <j'---l L_A 

•WjJ! ___U1 _ru J_____1 <____. --j__jj SJ. j_J __J_ ^ J___t ja U 
^j-»- e^JI <^LJI _>lj___M ^ ^jlSUI u f ^tuLj ,4_____J 
4j_IjSJ1 <j_1j_hJ| ^ 4jI jl> *_*J Ji_-*Ij (j? 4J (jl^ U f j-*_JI <j___L 
.CiLjjjjJI J!u 4_U_jJI cjLLSLIJ 
<Lj1j u * Jjj-u U£ ( (jVl jj_ r L_? u __Uj_j__j (jj — ,«H<"t! <___ (jSJj 
JMi-j .2LL_lt| j__>UJL 2ui£ ut , fl Atl <jf 1928 ^UJI (> u L_j__j 
Jpb- 4-ul — __>J1 I o^LUr L^jJa (jLjj*j LK __UI S jlAJI 
1928 f LJI (^j .^IjO.. _1 1_a__. _J_ ,MI (^SJI U« . Ij_^ UjlSj 
-dl_ juu <-_-_-J_) (jjL Uj , mllu, jJjJLI ^LLajjj l_1___JI *UL_ ■ -. ',!< 
Lj_JL_.j jU_J _> -u_U (1979 - 1900) o^ji^ o*L bb 
(j_jjjj l£j-L<*> l_sI j — ,__J c_-j <-iJ j_* < ^jK .lj (___ d |jj_<jJI "U.j_ J__t_l 

^j-j-iij s^ji a_i__Vi (jjjSi U T __llVi ^l, c_.__-_.Ij .j^j 

L^jI fjje v *3 jjj-^ 4-__A_ 4_fc-L_UI CjjIjIj t (j-L>. jjJu^JI juLoLic 4j1c. -t*" 

'j^- 1 -*^ **JU< jJI (jg^ iol Sjjj__» __L_ J — <_j j___T L$-*j-u cj j tlj _r_». 

U*>t Cr— W-**"* (j^e 5jL -' — — 4jnjUtl ^JUJLI u l J_-t Jl__«j V (___w 
'Oj — ^jj_U_ (j_o 4_Jj-« ^jjtlll (j| 1_> 

jj_. U.4 *j-j-*-JL 5 — __li_ l_jj_> J_ (j^jjjL^il (j_l__ _tjl ,„ 

(__jU _ I J-l L-UJj-_ Sj__| tf j_, JM__- (jSJj . ( rtjUtl ____ ^JJ^Jo (j__4 

c-jL-UI ^J-Ujjyi _U_J1 ^JUj (1995 - 1905) jjj____jj? c__j_J! 
4oi_ u T>.Vl (j_ J____- js__k, js^ (1999 - 1904) L^u f LJj 
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^jjJL^Jl CjI jj <jT iJl J*^ cr**^' Cr^ L^JJ^' oljUu* 

ja U^ cjIjJLI l&£U ju>3 ^j*U1 6^ JSJ ^j^JI lJOUJI 2->j^jil 
♦ ^JLol-^a c£j^' CjljjJI J£ cy* ^j^-j* 

^jjjJ^yJjl ^LiUr 

jjjJiJI CjUljjmI^ SjL^ Uo C«.t<i^*< 4j}jilU CjU.1 jjJI » J-A 

. L*$>u» ^UAJ J* 0 j«ii.i« jfcJ*iJI J^eJ U JuJjv ^ jjloJ 4jlX«J Ll jjj 

a^U ^ Oj^J jj u >*t$ ^i^ 1 l^UUJI 

Ok^jjJl^I <LU ^jdt J*K jj JlSj ^jJ j-SljJJ JjkT ^J trJl 

j^^j^J^ljj^l L5j> l^^j^.o^^^lu^' 
ci^jJ SLu^W 1 ^U^JI 2USLUJI ^Uj-^iJI *Uk. cjjl*1u,I ol M -f£>U 
»jLt U T lj^V,<l <<jj^l c> f J^ ^LJI W 

jtill <>• olj* ^j-^-jj Uj! ^ - Ui* J^jll Cu—ii^ ^jl—UJI 

■ M^ jt) o^-jj^ c^JjJI j aJUSS j-^L^ 0£jJM1 j-^ *j^ f L>*^ 
O^jjjua J*Vl ^k. ttUI ^ 95U^ 3* '(cj^J o^jj^H* o-* 
U U ,u£j| j f 1 I Jufc .TrnUTI Mj • j-^LjJ jtM ^ f j-^Uj 

JjLUTo,, cjVjUJL1 <jjji> J^ 1 r o^ 1 'J 1 ^ 1 ^ 0, J^ o^J* 

^SLSIiJI pLjjiJI ^L^LlJ^u! Uj.a.-jijJUJI^j^JJIa^lj^ * 
^ajIjl. 1j^1^^j*JJ1 J^bc^jj^^u^^J^ Uj J^J 
^j ^T 1 jj> Jju* t 2LL2jJI j-uaUJ1 <>> (jy^* ^rt* jW*^ 
ji^o ^jJI cj>UUJ1 c^tj ^JLc ^jl^ 1jj£j Ljj-53 >«jJI (>« 
^Liu^l juu -t^ro ^j .aimMI cjLjUI Ji-L ^ ^LjjjjJI U^ 
1 j^jjT ^jjJU ^]} O^JJ^' Jj-* 2 cjt cA» Cr^ ^Luoilll CjLjL^iJ 
0 Lj^ U« ^jjJUjJI j lj^JJ^I ub ^J^ 1 c> j^L*J1 ot 

.j»j*iJ1 SjU^^UIl^^ 
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jl^ < l&j (_-___JI jL___yi 3, ,„,tL JUJI <___* 

Jajju ^ylll (_£jj — Jl ^-ajJI CjIjUt — 3 4 1,1 4j..-,-_jj jj| Cj}1 _-L__JI 

___i jh dllTi- d urU^L tj? JiLiT «.-JLc Oj__- Jl3 1_$-.jU,„ (___! Sj-*j uia j-J^-JI 

C__U jjLb (_£JJ (__ — -C 4j — «jjJJjJI _-j__v--l __JI r^-WlJ . LiJj__ jLaJj L___) J 

<jj_. JjL£ L-_u!j « J_jjj£ 2jwLtej _dlji___j J___u u l«? ^ jJI j » jjjil ^j—iU^I 

4^*-jJ _--> Ljl-_j (j! _j___Uj (jrpji*c. j)l — 5 VI JJL>. , (jj-UI CjLujjjAj <j a 

4j_uIj£» Cj ljUtt — — tuJJ <j*j_*_J1 _>LL ___5 Sjj_>. j_« L$jf __3jj_«JI Sjlj_>J| 
t*JjU1 Jj_V___VI fj-iL- __!} j__^jjJU$JI JjJ-=-J -JJjj i( j__JI j___>- J!U 

Proton- proton jjjjjj - 0 j__ijj_JI 31 ,„!,,,» UaIjl-| _i jjuj .3SU_U 
(jryjjjjj (jv4j__Gj .(jj_j__JI Jiu J-*»1 j (j-»a^JLl J_.L_JI JSuij chain 

(jr^>-jjJujt) ^jjjjjjjj Sljj -JJ j (j_i m I l_j jJL* (jjjjjjjj L__« (jljj_j 
3— ^jjJLt» (jjSju Slj_J1 0 j — A jj h.T jjjjjj ^JtjjJ Lo JlLcj ^J__t_j 
3- ^jjU -jl__.ljj jL-il ^<a"->J I — <aJ-u_.j *( jjjjj_u J — jlj <jl — jjjjjj) 
• (ujj^H --*L) (jLjJJj-j) 4— ^j_ti_) Sljj u*rll (jj-J jrujjjjj jl -3 JlSjj 

jLJ_ (_____! Sjl j->- *_jL>.jj <___* 4-JL»_ j___1 jj_» (__lc 4_u_J| 4JLq_JI _£ j_>o j 
t (j ,m m , iJ I (jc S jjl ____jj Sj_« _$____> jujj (___Jl ^j-t-JJ (Jj-o-JI (jJoLJt (__3 
__9 4( jjjj_JI Sj_l j J**jj .^j_*JJI (j-« j-i__> (__> ,j_jjj_vj_<j jr_u_iJUjJI I lL_j 

'(jjJj-5 <-jLI JJ ^' i n 1 JJ^J j») llrrij Lm> i4_oj___j| J_C uj (__A__ 4_uL_JI 4_dU_JI 

4_xjj___JI (j__j CjLIjjJI _• j-~ J-*.|_) (__Jj L_i_u j-o_-_ CjLjjjjj ______ J_<il_____jj 

^ (Jj^ 4 jUtt l (J\ (__J| IjJcuj .(j__jLjj_ij_4)j (jj — rnn^lt LcJI jLit ___JI 

uj J _y ^jWj (__a j^Joj 4JL__JI cjLIj-JI ojjt (jLa i4__>j __o! Sjj-__> 

J__L.j_uj .CatalyStS Cjlj n-r^< 4_JL-_u J--*_u j| jj-t-u l^.j.lc ? j Uj <jf 
-UJLlL 13- Orj^jj-uj jJjj ujSjjJ 4ijL_dlj * 12- jj-Jj-^ Sljj ^ 4_j|j_JI 
jjjjjj 4_S__bjj .^***^13- £)Jij£ -ej____J jjjJjjjJ C___<J (JjjJI tj __L__JI 

4*j>**ll] 2007 Jj>jI 28 , «"/<* (-ajj (#) 

J^L—JI (_i Ji-ju (_>J ^SLtj ioLu^-jj. <__)j___ L__jf _^___i o j__ _y> ^ 

•UjLHJsH <_J1 ^I^-H oUjjj^JI J-wl J^__j ojLHJJiJJ -ijJa (*♦*) 
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^jJI ( J*UjJ1 juj^i 15- cn^-^t jJjj 14 " Oj^jiP^ ^ <Jl ^ 
SiaLbL jj - ^UkJI J^ Lutj . 15- oy?±r±> OJiPdjfc -^j^ 
i^jJI *12-Oid^^^i jujjj 4J£ ^oj^ SljjJI A^^b^JW 
Sj^.4-fjjj^Sljj4jUL^ yt UJt ^v (j£Jj .^! Jull oj^l 
^jJU Sljj o-Jj*j oLjjjjj SLuj! ot(y> ^JUJI a^^tjj-^t 
jljcul ^k. c,ntU» l ^U» ojuHdjJ^' u-* £JJ t* 5j ^J 
<j£ <>j «^liJI SULLitJI ^ ^j— ^ tk* u^t 1 *^ 1 
oLJu^jVl j-^lj^ ^jtjiUtl jVl jj-J J 11 ^ 6-^ ^ 

j*uJt <jLL ^ iJj^j" ^l oIjjOH ^ t> ^ j—SUI 0- ^ 
^ ay. i ,..v yi ^jjjj ^l jj4>JI (>> I jji£ oj,L_3l ol—uiljjJI ^ju* 0' ^ 

■"rtr jy^j " Oj-JL L_$kL3j1 ^Jt 4jjj1II o}LcL__1 ^iJ ujj_»JI *Lul 
iu^JI <jLI_j ^j <j? Uj .4jjj_!1 caULUI Jjt jjj^j ^jJI 4*1___\M 

^l ji<_u_V 4jSJiJI *b)-u_1 *Ui*J jj-JI ju_jJ ^ .4j\__J1 ol j oUjlUl <j£. 

(jj^i (__UI j t Ujj_ (> *___> >t jJI £j_tl <j-^> cijlcLijJI oV jju> 4i3j**j 

<j_use_ I -1 »'« u_j*L_J jUj-L&j j ill ol u.ljJ Oj___j! USj .^jJfciJI J»1j 

^u^, s^Jai. J_jV1 j__»LuJ1 Jj-5bjJ «mass gaps 4j__J1 ol j*ja» 4_>. 

oLLj__ui*iJ1 __a diUJI *Uk. <j~ (jjjujx. <jt J^*L> yjjLaj uj^jjJ-j-» j-° 
2LUUI ^ ju V ^1) 4 1,^11 j_->L_JI OjSu 2u^ * K UUul IjjbT 
oMj ^ L-JI oM uO-- 5 *>--» c^ljj . f j*-J1 J*b (L_« <jlSU & ^te (j! 
5ljS (yk ojSjjJ < a*1j u V (^ 1 ^ 1 *^-^ 4 ~ ^ 
J^UjJI juj^i 8 - ^jjJjjj Jj*jl jjj 12 - ujjjil (> 5j S" .. .4 
dUiJI ^JU t^jj ^ 4j^UiV1 j 3 jjaLJI 4jjjJI o*U.j . 4jW«j Bjiai jjS-J 
( ( a.X,,,,>L$JI» ^Lj^iJI J^S U£U y . 1953 ^UJI Ja Jjja ajjis ^UajjJ! 
LdJj^^ ^ll Jiu ^ Jil j L^jjJi Jli (> (j^jjjjj ^UojI oM f 
iL3 j>LJI - Ul! o>LiU3 ojjl3. (jl^ULj jluu 4jjjJ1 *Lj-uilJ (jp* 

(jjj^JI (jws 4_j^l^ oLut^ J Ijj ^ (ia*j JLuu JL* ^i ^UU jjSU-u, 4J&J 

oUjUajJI ^jjt Jiu u ! oVUJI 4_J^f ^ j^wMIIj .^o^ll 3L* ^J^» 

.5jlo»j Sljj l^**»o (j^ ^ US^lijj o U|m i ? JI (jb SjJJ^ 4jj3LjJI 


360 


I — LMj^h JjjA ^p^l i^jjjjj^JI g^aj jjj Jrv ^ljSJI JADI j — i^- 
<jU*JL cJu^ali }L>. jiU JJj (jouJj JJ3.J-S OjHj^N <jt 4 3; 3"» ^it 

5l>^> t>I J^L9 - Triple Alpha ^MiJI UJf JJUJ ju t Atl 

Ijjj^ JJ>J U jj&j i(jr) — jjJI ^__oiL 4jdjjju» 4ji^>L>. 3jjj_JaJL L$J 12- 

j^^jJI IjLAj.^MiJI UJloUj ^ ^UjuI JU^J 
Base energy ^jt^UJI ^LLJI lita .SjUJI ^ JL^I 4__LLJI 

( jujjuM jjj ^JJi *jil 4j3jju ^jJI (^Lu^l fU_U Ujj^jAj SIjjU 

jjjJI J_ ^>j ^l <_j_«*| _U_JL jjjjj ,V, ^SUj uru jJI 

(j£j fJj . 4_UU (2jJL_« oUjJLu) L^Ljju ULu! <jj_- _j>. *4__ 
JjjJb*-jj_f UjJLc (jrlJjJI Sj_i» (jJjCu UjS <j_4_ jl «-cjjii fr(jr _ 2Uj 

cnjj Uj_* < , '"^-^ (jSJ Jj. .. ^udlJ^tjiJ^^jiJj - <Lvl j_-1 <j_ 
crjjj 4J 12 - OjJj^O^ ^J— L_j*_ j-aVl jlujj ^jSJj t 12 - <jjjj£ 
JjjA jJ_}fj .cL_J1 JjJL_ JdljJJ 4j_U SjJl_«j 4Juj„ 4_»L_ jj 

(> J_u ^jJI t ( 1995 - 191 1 ) jjj_ ^ 4^jjj*jJ| *Lju_1 <_J_ 
U^* A*^J jW-**' <_3J-^j <_jjI — >J *1j^L Lj^jJjJ__JJ LujjJUII^ * 

._jJL Jjj_ LjJj UliU J^Vl(jt(j^j. 12 -(jjjj^dlj^^^jJI | j_ 
4Jj^_i ^ _«4_u}_t1 1—1 — 1 <!j , „y ^U JliL (j^jjJI ll_ jj_wj £___u 
— j S, >> 1— * • l<« trt-* J c?Ji LpJJ LfjJ' f jL__JI ^ -'jU j-^jj 

4_iL_11 t_£j_„ JL_ j rt" , <m j 1 Jljjlj SjuljJI U"-)LL 12 - (jjjj^^jwa 

iJu. J!ujj .(Ground state jj_*$J1 4JU. ^ ,„L ^jjjUIj) SLjlcUJI 

^jjJ^JI ^ys J-5j| j^Ll^ Jj^>o (j^Ui lJljS' j-t^ (jjjJI ^LjUI cj31 _j£T5?t 

* J^ (jj^ oLIjj LiL jJ jjaljjj^jl U^^j. ( *^j*jJ| Ji.b 
4jI ju) UJf cjUi..u.-v (j-o Jujll 4JaLu»L JJsjI j_udLjx. (jujSu ^Ur^ ^"-^ 
ail^VljT(!^j .20-^^1 16-(j^u^t^Ji 12-ojjj^^ 
L^i_iL U^cuLjjjj_ji SLaUbL Drip-feed j_Lk2i!L <jjuuJl 3U,,.i j: 

j-ijf (j-« J^ n rtl"Vfl Lr* 6b ' o-«uUjjjji> (jj^JuSul jliut 

UJf ^L» — ^J Jjjijilj JJL^ (jt (>» JSI JL*j Ijla (jf j^jJLi^JL;. (#) 
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. 5 jj^ LiJ ^LUaJI <>» fjX\ 1 j— *j) oL-«>aAj 

^jjaj^ LjjLLjjj JlJIj^ (jJ L-^^jj jJjliSj Jj>A ^ J^jJL? jJJp*J 

( - 1922) ^j^ujj, ^^--^jUj - 1925) 

j^>.l j iSjjicJl *j—£> j-^UaJI (jj^ 4jrtj<) xil (^jjjj I jir '« 

^LL_uJj . ( ** } 1957 r LJI jjAi* ^ Ukji^tj . r >-»ill 

— ^jj^ J^c ii^stJI IjLA ^ l ..ijMitS 4j£UJ| *L>*flJt *UJL. 
£jUU1 ^jla ^jLLo 1 j£j < r j-^*jJ1 <jJ*L ^ cfj^ ^jIj-^U 
£-LilL-J ^jjssJUI 3Lp- cul jjjs jujlpoj ijjaljJI ^ fj>*^JI ^-^J ^jLjU^ 

. LlIjAA ^ ^jaejJl ^JJit jL*£.! UJljJ <j-« 3j_u£ JJjeJ 

j r j*JJ1 Ji-b ujjj^ ^jJI lSjjUI ^Ljj^l cjLUaJ ^4^1 I j-*j 
r j_jLAj u^jj^u- 0 AH-»J' e^i ^/jj-dj j^»Ll*J1 j-uw* Jjj>u 4_u*u£' LU 

juLaUjJI y ■ ■■'» <jl tiiUj <j-c >J -*a-T)j .^jJc.-JI jl—*ijV1 (jru^oUJI 

^pJI * ,,..;t l JjjLLaj 2L5jjJaJ1 C . V*» j L^jIj jallJI u lSjJI S nllT-1 ,1 

<C#*~&\ ^Ji V^1L> ujjjlll 2Ll^ - ^U-jI ^-lc ojSJI <> UjlaU-j 

V ^l Ijub (j^Jj .j-U (j?T jt ^J^uJl&t iJ\ 4 j mhU j (jjjyjl jt 

JU2 JUJL>J1 oLI JJ <jV -dJ j 1 JjJlsJl (j-4 J_2ftl j---_LU]1 JJ*J LJ j^ij 

(jV dUij.iailo JSl^Su-jjJt LgL^^SjUU Ij1j_^I j_-_Vl JSLaJI 
- ^Lud jJI jt f j^IjjJI jl s*a jJi J^ - J2&V| j-^LuJI oLIjj (j—i^j 
oLljJLll r UjV 4jjjj^31 ^LkJI cjLIjJJI Ji-b <y_ j_.lj2 <jt l^! £L«*j 
(j^ ^..^yi * r j*UI J^ Ljl-C Ijuk tbjJtJj . U j-* ^UjjVt ^^J^. 
S jl j^JI jlJjj ^ jjLSJI ^jjlll LajjSj gj-ajj LpUv 4jL$j (^J| ^h^AJI 
, L^jLL» tx *ai^t (jjiJI ULti> j£. (j— jJI cj>ULoJ1 gjj j — 

* lj ...V* (jjS jjIo J36J ^ jUU Ujl^ ( r j*UI d j-A jjij ^j-i) L_4 JJjcj 
JjitiJJ 4\jJSLaJ1 4*sLL1I 4Jj4^t oLuj^ tjlUli ^Uj il>JL*J Ujucj 

3jJL jlo. jJI ^w*jJ1 ^ »ij (jt o*- 2U^LJ1 jIj^I jl>-1 jt j^uj . Bjlj^ 

^itJI (^J JjaljJ (SJUJUI ^jasjJ 4jUl^3>fcx J!U ^tn . nj j ^jjjLui! 4^x*aJ 

-[sjjjkII] 2010 ^li, 26 rJs! ^js (») 
^l*». tii JJU5 . Jjykj ^jli ^jljjjjj .^Jluj^ c^jjJI (3-Jij D^iil *L^—1 (*♦) 

. B2FH SjLuu aSjjJI *Jofc LdiiJt cUlt 
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grUj^ 4j>KJ1 AlLU! jjjlp j-^b 6 U jM isupcraova ^li^l jjl^UI 

(*^jL**j| jJjjjA^ISjMj.JS&I j-uoUdl ^jjjSjj L^» obljJI 

j^LaJI ciUi ^ U» <( o*UI SjL, ^j^ji ^u. 

SjLU 1*j>. <jj— ^ej <f>*^l Oy> jluJLI *Lu*iJI j_a£. j ,Vi,rJ ,51^1 

Jt^J -Oi^' J — UjjjSjljjl*. t-^lj^a-tj.t^pj^.^ ,1 ^tf 
Cr^ L^UI (>* J*£ I4J.IV; m,I IJLA cJu^i ^l ii^laJJI ^iUUI <jf 

(**Jtfl J-t-»j oLU^. ^JLc 1jUjx.I ^jjj — JojJI ^jj^JI <- d.; 1 .....j 

Jjj*j .^j^T o1jj*x <yi (ojJjkJI SjjU ^jISj c^j) (oio^^l jjl*ULI 

4 Vj^L jJti-u («da&T JJL^La ^ 1987 ^UJI ^ JLAj-ui (jf 

<jT UJ ^jjTj («Ja*.T jjj*1« ^ ljjjsI j^ | jlaj - ^jjSJI (j>U*U 4jLt« 
objSl^l^^lLj^jj^jS^^ jlSiil jju c jlaLSu* 

4 J^uaiij *&j J£j Ji£j <jj*_JL ,JJU ^ _J^JI OJJ-j 4$jJL»J1 

_*___" ^l _LU_| ^(j^jj t 4JiSUil 2L^jJLI Jlj_Vl ^ -x^J > Ju_j X. c 

I j_aj ^jLoJI _Jj olj>2 JjLL_ UjI (oJo£.Vl jjl*jJLI ^l I j_. * 

UUj £,l5__II L$Jt_»j* ^ 1 m^m 4j__ j_J £_u <jT Lji*£ l:.U" ... I 

^jjjjl _j_i ,___. ^tjj.^jj^l J*_j 3Lj> oL^U ^ J*l ^ 

jU*j)*l lj_ (jf j_mJ1 <>^J- 3Lp. Sjj J Jj_w(*4_1 |j_jj_j Ij_^jU 

J^W ^Lai o_L__T*1 «SjlSl L_>j_;Tj .*-,< vi ^f 
.4_SJI JSL> ^jJoJJI ^jj^UI ^jI^u» _Jj j£Tj <j_aL_!l sLiij 

oj£N ^j_m*» ^uuj CHON CeeoH^U <_^*_ *V«j 

l_1 , \'& \ Tj f_f *^fj Jij *_T j__J U_JJ |j_» LjjJ3j 
^ijju lj M,i^j (jTi_l_l ^UU ^j^^l^I.^^UaJI t^^tl ^jj — J< 
Cr^ OjjLjj ^jjjOII J^Ij cJj^J U^IjjT l_A>L^I ^yJU SjUI ^ 4j\JL 
oIjU^j^I Uj-jiij (cJS^Vl JJL*HI gjj (>• r j*JLU 4^11 *L^iJ1 
cJi^jUJt ^ ^l >V, .J (JjjJa (j£. (j jtjU-M . j j . LlL_j. JSVl 4j«Jl!| 

sjUi (j^ a^ai £|jjVi ^ls ^jj^l ^ ^lUo^ji ff jjt ju^b 
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L*U oj£x r UJ1 S-iUI j ^LAiJI jLillj jlill CiLL*_^, 
jU jAj fjJ*J1 Atr, *IjJ^-jj -^ajj^ t_^lj£j fj*-> oUjl_J* 
4j_3L_- j-i__L-c SLujt ^L-jjSJI Ci}L_.L__J1 p«__u V <>l_- 
4_»jj_vtlj t ^jp^ljOr^^lj uHj^li u5^Jt>Wl crAi 'Ui^' 
a< a_j5l^> 3_Ll__- o jla j . CHON <jj£ f> — wL L^ijAJ^a ^ 
, f l v .t l ^Uu 5 j-« Jj_* jJLJLc Jj-~ Ujl_c CjIjlj ___*-> 4jU__ 

r L_tt ^ r t^ w^ JJt -__it <w*_ji j^ ou^jui ___j_u e_-_a_-ij 

4k%c V «jt (jjj— * ___« l_u c$jJIj .c**JJ j— 5-1 jl— Wj • 1987 

5 j_UI <Ji__ J_-_* jl ,„11 1j__ ! Juj *f j-?--J -_uj_-1 4__-1j_JL 43 
.^--Jc _>_L_t ^k. c£jA^ ' 4_Jj_ O-J^ Cr^ 1 

4^.j!^Jb^jJlj t<J , W.t1jL_-_X1 1ju_ j____j_?jU1 A ^^t l c.rt *.< j 

cr^i>^^^^<> i *(>i>^ , a^J> o iinni^ ^ u_ji __-*_u 

c^^iSLpJL Jil__j U JSui J-^' s Ll*1J -^Ls-SjS _,*-__*; U 
.AojLum^ __LUc _>-L_l __J__ (-U-j * j-£*Jt _>*- (jr- ^ '_P»J^ 

t 5LpJl ^ <> jg ^ui u jj___ jisVi 4jujVi j___l_ji ob 

____. <jj__ j____« _>__- . (j^J>*_^1j 

— j OjhL^J <j^jjx*J1 
Ijla ___-« .<jj_J1 c> ,JL ^ 5 jj-^° <-->• <>~ ^-^lj J_--— dl ^J 
SL_JI J___-__t ^ 1 *- L---» V J 'L-^-- 1 o-ujJ <>jVt «_____? oT 
,l_-_f J-" <> ^-j^l c-U *_j_*.j* CHON — 11 ^ 1 — " ] 

.(j;j^Vl -_l j_*Jtl _-_-< 3jj*.ja Jj t L_>j_-_~ cr— 2> (juiJj t <jj_-_J1 

J_v_£3 1a_jj .(jjSLtl ^ L__L_- ULSU 2uj____JJ (jL ^jll -uL*_I1 L^i 
«__^U__JI <-1 j^V1 (jljj-i (j^» V^J ty^h^ t 8 cr^ 1 M**JI 
jjjlj ^jU ^Sj^ <>jV1 *e£j£ <jt <-ajju.De Revolutionibus 

(JjI-kjj .aUnj-^SjjyJl ?Lp-tj ^lj^ J^J \S ^ Jj^ cr^ 

^ cjI jj*JL1 cjIjLU oLU cJLaj ^j^JJI oljLU CjLU ^ Ljjj** 
jUJI c-^st^- Lbji*uj .(j-u- a ,, m . H Jlo ^j*jj ^ U^- r j ^cA^' Oj^ 1 ' 
4loLS_^V ^ &h ^Jj .CHON ^j^l j^UJL 4aJuJ1 jLUIj 
c-^O' c^j (^pJI j < 4 i^gll l JjS cjjI — ^ (^l SjiUJI j-^>La (j- 
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jjjj fj*jJ1j — «-^ l>1* dj^M j^-* <J — ^ u^J^' 

Jl^J JlII L— I j_u Lj J_ _>_, 3j-L«CLa 3 Jj n"i a 3jj j 4jj__l_J| ^jtj t4Jjjk. 
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,<_j-1 j? *<j__uJI jl — uA U£ icr Juu oLal _u_V1 4 jl_ Ja j>_Jj 

Ja < jj£J1 j SLpJI 4^iaU I &j£, jJaj jVI SSjL^iH ^jL <_L__j 

J1jjV 4j? ju__1 5J^L_JL cjL_1 j_J1 >Lcj <jf ^j <_ <- <jf 

Luj Jjjj_u_j }_*_, jjSL — i_ Jj^L__L oL_1j_JI <tjU jl . jjj_JI —JLL- 

SjJoLlU oi * Jj-t-1 Or-fJjJ' J_-T 4jI j ^cI-JI ^jSJj < jJj_ji£' Ijl^kj 

L$jJj I JujL». __j__t jl ^jUl < <J V ^pJI j t^jjL—JI <__© \f'* \*~ ,J ^pJI 

Jx.lj_J1 <_,_>. - 4jj_JI J__1j_^U*j 4j5Uj M__» jj -jU At) ^LijlI 

I jL__t J_I_JI j-« JjL^ej V I jub jf Jlu . jL__>JI 2—j-w Jlc 1jl_*j Ju_Vl 
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^jj <\J ^jjUJI jjj* t^k. ^jjtUt 3jul — <ail pl±£.\ Jj '5^*UI ^ I j^ 
«De Revolutionibus» t_>L£ jjjuo j-a Qj--Jt < rtirnj <jj>- ^ 

_LC.1 jS 4j»jJkA (jj» 0JJJ3 jjji £jJa J jJ1 JiJeJI ciiJj l__3jj» ___1 (j5?l Lbtjj-dl 
<j_jUj ^-SJ LaVjLfc* Jjt J ^Uill <___» J__-fl I — jlju (j___ L_j .5 — jjlUI 

^j .^_i____>VI *tfjJlj 4jjI jjJI S^ju^JI Jl« oIjjIoj J__»-u a___U1 

(jC lLIjj^Ij <4~oL-J1 4 m <i^.ll fjjjJal\ JJua ^JL. Jlxj l__j__i La cJS jju 1_U 

. ^ iTTt i na (j__*_-Jl oL_jVl 

_-5 
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^ULJIj 


iLj <£JjLlJI ^JLa 


*>Jl J>-T cV> (*$~-' JL >i -Ua». I j^_ 


4a_j Jj <4__oU St__L« *_____> 1 jl JLall 

c_u_j ^JLJt __Li!__"V ^jjiad ^Luij __* 

Cr- lj_jJ_u (j___JI I — <j?j .4_|j__! <Jj_*_ 
(_^L__-| J__ j-o^/I jJb^^cw I j_a> pfl.^j" 

4_jjJtL *tjLt — ui t ^,^<>irt*iV (c£L_L___l£L 

t 4__>L»Jl jUjVl J* ^Jj ^juojjj 

(-Jj 4_wUJL jjjui ^jjl — _u <j| ^jjj ^ 

J_" <jf _ya («__ CjJI __l_j . jU_5*L j_4>jJI 

J**i3 ~ *ULJI <j-« Jj>. JSj - (JU 
*j_*uf U _____ ^j^ujj JU___ <__ 

L^jjjJSrJL — * *4_ilc. (JjajL—uJI 

*UL_ (j__a J_-|j J£" <jj__ t 4jjJ 4__a-L_U 

|jj Ij^J .*U_L>J| 4jU->| ^JUJ Jj->J| 

4jjI jJI j_u_JI ~_jj ^jll! (j? |jlv luuAs <_J 
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t_JL_l f.___U __-.l__« 4_u» 
S-tjJI :L___ ,^__j|j <___ 

*LJIj >»__l (_fl 3j.^~ ".t.t | 
« U (_l_ Luij_iiLl -jjuil 

-Afi_» 


<jW ^ 2Ujbw jjt ^-tj 4j___*_jl jsVi _>.) ^U-Ji jjjb t>j--^ <> 

^JUJI J*_*j *1jt U* LjA u "^" ' ' " ^ l>1 J*^ 1 L^jljJ '(Ĕt) 4531 
L$j jjJL ^l a : ^<« ^ <, rt, *;,<!! ^k, 2j}Lc ^j_-_-__ ^k. 3jukL__i i^^Lc 
^jJI ^JI ^ -^_J1 1 juk jt 1jl_o. -_lj.>tj . JL f La_c 1_«j--j 

,t_jt&JI |jj_ 1jtj_- *<j}j-vai1 0_^j>^ u* Li^ u!j *f J^ 1 upuJ^ °J*3i 
2L-__j>> L2_>. c-Jd. I jj <j-_J <<_,**jj J-^> 4*jjl_i 4j_oj-« (____"> L <^ja£j I — <wj 

^tj jac. (__-_ V (j-_Jj t (jM.rt*(l 4j j_1_w| U 1 JJt (jV «-dJjS (^U t 4_<uJ_3 

<____ JjLnJI ___-JL-.t (>« jJ& j>j3.jj UsjI (jX.j <_-!-- cr^b -vj — ^jL>. 

^jy^j jl l_jj1 M.1 J£ (jlj 'U^-jj-* l>° cdJL-- L jJl_3j £JjL_ll 4 — _Jj._ 
;<jrLs- jjJLl {Ja J-Jj3 ^jj JlSj .£jj_3jJ.1 (_-JLc Ujjl-> (_-_-L (jL J_--£ _. , Tjt l 
£J)L-JI (jjLo^ (j-4 (-rt m.<") jjjLiJ (_» j.,i jt) (j__ie__. 4jjj (jl i ljJo*J (j| 
Sl___w tw.-.t ^jjg 3j_>.1j 4____hJ (jc 3jl>-Ij 3 USt iU. 4_i , j L j J — _u 
^cJL-Jl £JjLl 4-__1j._ J$ cr^Jp (jAJUSJ Ujj <j£Jj . j-**J1 (jr-* 1 <J--™" ' 

*j' _U c-iLstju»! 4j___jJL (_-__>■. j< <iU Hj jjjjj U llui 

^JLJI (jU '(,'^1' _Ll_____-_ ^ ^JUJI jU^l 4jL_C <j? (> (^J-N Cr^J 
.4jX.jjI»j-4J ** ~IU„ Jpl-__s- (j-<MXb 4jj .(^.^y^i V jUoj ^JjJbj^ <_-- 4jI j 
^jt 4j1 j ^UaJI <jrtJj ^UaJI jUJ} 4_dx£: (jrtj J^JUJI (jt l_1jJj jt ^jjvj 

p ^.,.j . *Ui*J1 (j£CJ * jjL ^j lu1 j ^^^U: ^ 2JT ^JUJI (jt (j£. S__jLi Sjjl_-_-t 

jLc ^jlj-usj <yi (jj M T a j Jj (t jrtj______a j-j_- tjL_3- (^jj lj— ij^J (j^ 

t$*3 ~ lP^tH (JP^I O 1 ^ <4ojU_J1 4_1i__>J1 (^Ji Vj_-aj L-*_fcJI 4lu_»ljx 

CjUU_U_VI (jwO JLIJLUL (j-J^Jt C_-__p-(j-4 ,*1j__-- *LjJL^-4- J-JjUXI (j-_-_J 

(jl^ 1 <j iit ^.r.y.l.tl *j-J 3Jl__ (j_a ^lj-oij <((jJjJ1j *Um__JIj ^J-JI) 

(c -3lj j_* U(jru jW-Jt (»jJ LdJjJ .4-J5CJ1 (_-!*-« J-L IjLi (j_^ J-LsL^ ^j-LA 
J* J' U J a J-4 U (jruj 1 c_)L__J1 tjub (^ii 4_t_i Jj->JI ^La fu (j — 4j 

* J'-^ L)J J LV 

jl*.jj v y t< a*Ji ^jjL ^ j_-_u.ii jj-ui ja V-- 5 - 1 ' r^j^ * 

jjI_L_xi(j_,L_jj_^4J_-Jj*^L(^t(jt — lu LjIj Ij jrt.r 4j jl . lj^-jL___i 
4J (*J (j-flj iL-4* L-J-JJ* (JJlJj *(_--*i-J1 t-.Tjtl _-_- Ll^o J-JLb jnV 1» 
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«I^ih»tt_»t_ti__f*a_i 


<jt Jutj L**j_»! 4__j3j ^ 0 f j£jJb ^.i r tlj ...j 4jU»L*j| 

^ «oljjHI „ ^ (jjS* ^.Ujj 3j__» (^____i j ^ t 4j_u_t j l^lus ja j£ (jjSt 
. SjJ-i- UjJli 3jJ__w **j_*j». <__ <_^1jj £j_ojJ[| jjLj jt ^JL_C J t f_JL-1 

.*bVl a» rt VAtl 4__ljoJI : Ua ^tj ^ r jl__JJ <jU__U 

j_V1u^jj-uuJI ^(U-JI ol-J^— L*<___ Lu^b^jjoil *LJIj 
?JtJ#xj 1j*i__ <jj jJI ^L-J! ^ ^jUU <jt ,____*> <t -_JL_J1 jl^ 
(jjjj Jobjj ^cUII <j__ 4-_jjjJI ^ j^ujjj .___ j__»J l_j_j r i-t i 

ajjUu^i t Ud*ji _jbijj_u_, _ i <>_ u jl^. <yj j_____u ^juji 0 t 

JUJI ^aij Ubjf I jlaj t 4__L____il <_1_ <<JUJI ,2utUo.Vlj 
,4^j__»jJLI i5ji>JI <j__ ___J| <__t| 2L___b 

CHJ^ _>"_J _>■** ^UUVI *Ulc jT <j__- jjUI a t J__OUI j 

-_u_uJ 3_uJ_J| 4_U_*J| <jf J\ LLpJ <jj^jb <<-«l-JI -u*JI jt 
(j_U? <j____jV 4^UJI 4\u__Lll 4jjJ_j <j!j t 4ai_I1 4_Ua*Jl ^ 1_jl__ j__1 
L$J_4 <4-4Jj_) 2jJ__ jJjuj Ujj-slC. <_£uj <jt (2J_UJ| U__x__ <__ U*___ltj) 

<j_Jj__Vl.<_l_Jt L#jW<_£-l <^l<^jj__L_J1 j____J1 <__L_j c.L-jJJi, 

V _£_-_bT ijjjaj jjL*JJ (jjUJ __y__J (^f <jj .<j___« J___jjj * | Jbf _JJ _,£ 
oUL*_J1 JS" <jju--U (jtj *4jjJ__JI _jJL_ <j_* JL*jf _JJL__- <_Jj <jf 

<_« <j^u___ 4»uji 4jjJ__ji (jf u_l_ ( u«u; a^uji 4jjJ__ji tt | 

<jj-UJ -^b _____j |_ut -JL- <jj& <jj .4jj_UJI <j__ ^jjjjj 4jjJaj i^juu 
. 4j> Ju^ ^lu! (^l CjVUJLI (> Lf t UJ^LI 4jjJ^j LLi^j ^-U^ 
<J$aa jJuij (_p_L5tlj ^juiaJI * JLiU^ *JjSj (jt 5__i^j^j^ 4_uj31j 4aj-_- L$jj 

Sj-U a-UJI 4jjI_jJI JJoj u^j--j .(j-^ulJl J!u ^ ujj2 ^jjj^ JU 
U^^ u U«u--^I^jL_ fc a* t _J| Ul__j| l_Jj.*U*:VI L\A J t 5 ; ,^^r; 0 T 
4_uJaJI jSLi^JI ^ j_;__Jl Jiu 4Ji» ^jUJJ -ct t ^jj^i 

^*dJ-JI 4j1jjJ| ^ 4_LuUJI (jf jLlcl (jj. (j^, ^L^j ^ .-.^ 

^j^j^^b^j^uijjuu^j—u, JLvl V 31 .(jjjL-JI l_J____2?| 4uiu^ 
(_»-»* Ot 4-__ii (jjjjj JjJj *4_*Uj Joj___ 4J__->Uj 4ujjUJ1 (jL___) 

U __jj_. Uj4> 1_XJj ^ j-- .,_, JS____j Jjj^Lalll jTjoJ (jSu fj 4____J| 
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JLulj AjIjj Jh\sj Cft &ft Oj^ J* 

jSU^H - « 1 ^« 2UL£ 4JU1 ^lluiJ Uh-^ "J 
*jla 2uaU L^ jx, Sucjj^aj mi V 4j1jj \+>\ ^ '4 - > «UI 1 

t>t <> erit> ^ o^* ^^i» ^ Cft lX)UU 6^9 • c^^ 1 
UljJ jj^- j^ LJ O^J »4>* ^-SD ^ (^- cj* CPj^ 
. (Law of elasticity) 4jj>JJ ciJjJ* jjj& <a^*j jlj^yi 

^ A-i J J; V (jt cj>^ ^ " l<C f ^ ^ U ^ ^ 

Ljjjj^ <fJUU ^ *4S**N 

jUttl <ya «^lJUuJI j**JI Jli 451jjJI ^ JL-ljj 4jjJlj ^ J SjU? I 
-1898) j£jj> f-^jj3 (j! ^Uj 0j3 U_^j Xla jttAj 
0 V .^Ualll I JwJk <> ^J 5 J-^ 5 J^ ,:> C-^»H 1976 
^jJjjJI fiUJI <j£ Ll-^U" ^-p^ ^jj ^bj 11 
2u£ljl* jj± UjLu&b ^UiJI 1«jJ1 jJ^ J jlU jJa 4jIjjJ1 &jU» L^iu 
^ ^ ttj2»J1 J-J^ <jSJ <d*X uj& ^j • Cr^ 
a.t^ v« ^jl^ ^l 2>jnj<U 1 j— ^ U^j UJ Crit* Jj-^> JJ^ 4_j1jjJ1 
.a\ Jlc ^jlilUjBT 1j*J <jKj ^ji* *^ <- ~ J*J 
.^^J-JI ^l jjJI cjj^JI J&ji* ur^h^ 
jU JSL^j - L^U> cPW^ ^a^^j 

v; ... . 4jjjL>JI Jl^auJ^^U ^- , m \ q\ JISj - jojj U ^lc 
5 jtjj 0 \ UJjS U3j^j 2b1jji Ji V 5j^5J1 c>t cy* 4*Ui iLjJ^. 

jjj*^ 4ajjU 3UK<2nbU «a^UuJI J^ji^ j^uiAiJ ( - . . . . . I I ^ 
2 SjLul jj» U^oU^Jla.UU .diJj^^A LU5j.4_4>U 

aJVjiJ SjUt J jj*^ Jj t 4jnj,.,j^ 4ijjJLfl tl^Jj OUK ^ ^«o^J^J 
5 ^ii JJj4 j Jla 4Jj JL» i*}U 2USj . Aj^uJ^ 4j3jjjW \ joAj 

2Lflj>i1 1> 4JVjlU l^lJ^l-l cjSU? . V<Jjj^ ^ 4_JVaiJ o-jj^ 
|^ ^v..'. oU>U VI cr^ U ouJSJI j! I Ju* ^U1*J1 cJjJjj . U— 
, ^,./4 U^l UJ UjLstil 1 SjjjJI cft UJiu ( jo^ujJ1j 4>» fr jU1 4,Oj 

2UK r l ^juaJI jU^^t s-— 31 J^ ,:L *i • ^ ^ 
^ Jjg 2UjU 4 (Quark) «dJ jl j_S)> 2UK Jla .U^Ij ^ WI V 
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^t <> L_jt m . I I J_ l_Aj tf n t u y\ \ 4jj_u 4j__,U,I 4jji£ 

4_tc_« ^ljjt Jj_*_ i«j__Uj ijjjtj >*~t» OWVt*U«! jj* ^-■■■j 

• <jjJJi u* a_ijia _>__>ij_)i 0 f OJJL __i» y . _r,ij£ <j_„ 

^UJI ___.jj|j £__l _»j___* <^__)l lJ__jJI <jru Jj__JI u j 
5jJk__l 4Jj jjju ^jJI ^Vl 0 _ b! <Lf JJUij £L_JI _>j__ 

Ujil- Jlo) jjl** <jjjl_ Jij 3 4_m_J1 o_____U 4_jU 

4*.L_JI _,>_ JLc 4_jJ_i (^SUj 4__j (jjjLSJI (jtj ,( 0 ,„<tJI ^ujJI 

••.<ji»jVl V*J* Jj^^jljU^ijycill *Uj*LojjJoj ,5j ? ^ j| (^(jwo 
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ul lill lim ^ 


tP'iJ ^J-— L (j-^j J -J--J ^rll - (j-^-S-J ^jjjjj* _>* 3jjS-J_« 5jtj ^JJ. 

^Jj *LJjJ1 5l j-»j ^JjJI jj1-j - iJjj ujj 4j~uij 3 iJj hJjI w 

^p-^j i-jjjjl ^Ja jLljJl j-J ^Olp 1 * 1 ' "^ lS-J-* lj-^- t^JJuJI J irttll JL — uu 
J,- ...rlj^ ^l-.;. J.-«.. ,2003 pUJI 
JjJ^IjJI lJlsjJJj if JLJl ^TI SjhiM j * .,,_;^tl ^iy.^i 
tidjtJl (jja U /(jl — J^-tJ jLp^Jlj jjjusjJI C£-i3 ijjjjclIIj <- 1 "~ j ^ 

j-cl «l^» jjjtjJlj <iijjtJJ ^juIoj j_ii, jjiUT _>_.U~J1j ^IjjVIj j- JJI 

jjl lJljS" jLj [^utjjjL* j _j-4-»Jlj w -l_u___/1 aL>u 4_u_i_J1j 5 JjjJI 

"j : ■ ■- 1 w L__Vl -JjLjJj ^jJuJl w Mil _#! iLulj jjb LJjJi jjjriLiTl I J-i 

^Lgj^l j-o Jj JjrJjl il — c J .s- 1 -^- ' Lj-^J^dJ - 4j.1jJ_5ji w 1~- <JL*jjJ1j J — j 

- 42 jjjJlj j SSiit 

_j__JjV_ <Jj ><JJ1 <lnj M,>-4i _j_-_-_U u5^*l*JI l_.__.JI jL£ jl>J __JjJjj 
tj&ti\ _____! -K ~-- J --- i 43jO^ ^bt^>M Ojlil jL____Y1 ...^ 

._£jIl__U _£jJ jj_J1 _jIj__j "_____ jjl (j^t&- 5jLl 
Lj^jjJj Lsljj «I JjJuj ii^jjjtSI 4j__J1 ___. LiUj Lcljjs -jLSJI j _*jj 

AjUJ I . . . j '~-»T i ^jj 4 tJ iU £--->j_j jl 1 4j _J LsjjJ I j £. l_l jju 1 JJJll j 

(JjJI 4___Jjq i4J_fl____* 4 jjtJjlj ajj__a _-_*j i jLajL ,j__j_-jj . I jj>jJjj£jJ1j 

"ll.„l ,., ^ya ______ jJb _£jJl l__j_L_J1 ^jjLJI i^Lt^ _j4 (j-JJI JlaaJI jL___j1j 

. 4fl1~Trt, l LljljLiL>Jl jj>Ll jljJLdL ~- J . 1.m 

^JaJI Jl>. j (V 3LL*J,ij ^jJLJl lLULjJI ^ 4J>LLI ^LSUI ^jlSjj 

^^jyiJjJl 4j^LjjJ1j Jj ^jL-ajjiV1j 4j3L2jJIj 4j^Uj^VI ^jJjJIj 

LSlsTj *1 jjw-jj ^LaLS' L**l-6j4j *1j.jJ* LL-.jij] ^IjJL (jj-jJI ^ liUj jjjjjj 
* Jjjl>- (jjjjc JJjjJ jjjl> JluL I i-uj> <_J1 Jjjj-LJl (_J_i. 4J1 jjjj L>-j 
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